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SECTION 1 - PROJECT DESCRIPTION

1.01 Introduction

O'Brien & Cere Engineers, Inc., is currently responsible for a

Remedial Investigation/Feasibility Study (RI/FS) at the Crab Orchard

National Wildlife Refuge in Marion Township, Williamson County, south-

ern Illinois. This study encompasses thirty-three (33) specific sites,

including two control sites, located on the Refuge. As required by the

Environmental Protection Agency (EPA), a Quality Assurance Project

Plan (QAPP) has been prepared for this RI/FS and is presented herein.

This QAPP presents, in specific terms, the policies, organization,

objectives, activities and specific Quality Assurance (QA), and Quality

Control (QC) activities designed to achieve the data quality goals of

this project. Where possible, existing QA/QC guidelines, policies

programs, etc., are incorporated into the QAPP by reference.

The purposes of this remedial investigation are: 1) to determine

the nature and extent of any contaminant problem at several sites

(Table 1) located around the eastern section of the Crab Orchard Lake,

(Figure 1) on the Crab Orchard National Wildlife Refuge and tributaries

that drain into Crab Orchard Lake and 2) to gather all data necessary

to support the Feasibility Study. This will involve the following

activities:
0 Determine current groundwater gradients.

0 Determine the extent of groundwater contamination that has

occurred and the rate and direction of contaminant migration.



TABLE 1

CRAB ORCHARD REFUGE

SAMPLING SITES

Croup 1
3
4
5

Croup 2
7
7A
8
9

10
11
11A
20

Group 3
12
13
14

Group 4
15
16

Type

Landfill
Landfill*
Pond

Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface

Water
Soil
Water
Water
Water
Water
Soil
Water

Landfill*
Surface Soil
Surface Water

Pond
Surface Soil

Name

Area 11 South Landfill
Area 11 North Landfill
Area 11 Acid Pond

D Area SE Drainage
D Area North Lawn
D Area SW Drainage
P Area NW Drainage
Waterworks North Drainage
P Area SE Drainage
P Area North
D Area South

Area 14 Landfill
Area 14 Change House Site
Area 14 Solvent Storage

Area 7 Plating Pond
Area 7 Industrial Site

Croup 5
17

Croup 6
18
19
30

Croup 7
21

Landfill

Surface Soil
Surface Soil
Control*

Landfill

Job Corps Landfill

Area 13 Loading Platform
Area 13 Bunker 1-3
Munition Control Site

Southeast Corner Field

Group 8
22
24
25
26
27

Surface Water
Surface Water
Surface Water
Surface Water
Surface Water

Old Refuge Shop
Pepsi-West
COC at Marion Landfill
COC below Marion STP
COC below 157 Dredge Area



ilWll

Site

Croup 9
28

Group 10
29

Group 11
32
33

Croup 12
34

Group 13
31

TABLE 1
(Continued)

CRAB ORCHARD REFUGE

SAMPLING SITES

Type

Landfill

Landfill

Landfill
Surface Soil

Lake

Control*

Name

Water Tower Landfill

Fire Station Landfill

Area 9 Landfill
Area 9 Building Complex

Crab Orchard Lake

Refuge Control Site

(I'll!
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0 Assess levels of contaminated soil that may be present adja-

cent to disposal areas.

0 Identify the areal extent of disposal areas.

0 Identify specific contaminants which may pose acute or chron-

ic hazards to public health, welfare or the environment.

0 Identify pathways of contaminant migration from the sites.

0 Define on-site physical features and facilities that could affect

contaminant migration, containment, or cleanup.

O'Brien & Gere will furnish all personnel, materials and services

necessary for or incidental to performing the remedial investigation on

the Crab Orchard National Wildlife Refuge.

The remedial investigation consists of eight tasks:

Task 1 - Description of Current Situation

Task 2 - Investigation Support

Task 3 - Site Investigation

Task 4 - Preliminary Remedial Technologies

Task 5 - Site Investigations Analyses

Task 6 - Final Report

Task 7 - Community Relations

Task 9 - Additional Requirements

1.02 Site Location and History

Crab Orchard National Wildlife Refuge (CONWR or the Refuge) is

located in southern Illinois primarily within Williamson County, but also

extends into neighboring Jackson, Union and Johnson Counties. There

are twelve lakes located within the Refuge including Crab Orchard
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Lake. Crab Orchard lake was completed in 1940 and has a surface area

of 6,965 acres, a maximum depth of 30 feet and 635 acre-feet of storage

capacity. The watershed drainage area is 109,261 acres. In addition

to supporting an active sport fishing population, the lake serves as

water supply (approx. 280,000 gallons per day) for the Refuge and

Federal Penitentiary located southeast of the Refuge. The City of

Marion has a supplemental water intake in the Lake which has rarely

been used.

The Refuge is administered by the U.S. Fish and Wildlife Service

(FWS) of the Department of the Interior (DOI). During the early 1940s

and continuing to the present, a number of industries have been active

on the Refuge. Industrial activity was especially heavy during World

War II when as many as 10,000 persons were employed by a number of

defense-related industries. The section of the Refuge containing the

industrial facilities lies within the eastern drainage area for the Crab

Orchard Lake. The western portion of the lake has been used

primarily for recreational purposes.

These industrial facilities were involved in a variety of

manufacturing processes such as:

Manufacture of land mines and bombs

A munitions plant

Manufacture of printing inks

Production of radio speakers

Metal plating, painting, metal work electrical work

To support these facilities, industrial dumps were developed within

the Refuge. During the early 1940s, too, the Crab Orchard site was

repeatedly sprayed with lead arsenate to control insects.
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From the late 1970s through the present, sampling has been con-

ducted to permit analysis of contamination. Until 1981, the main param-

eters of interest were lead, mercury, and other heavy metals, notably

cadmium. After 1981, analyses were conducted also for PCBs, dioxins,

and benzo furans.

Phase I of the Remedial Investigation encompassed thirty-three

(33) sites, including two control sites. The histories of each site are

as follows:

Site 3: Area 11 South Landfill

Areas 11 and 12 are currently abandoned sites of explosives and

nitrogen fertilizer manufacturing as well as munitions loading. The Olin

Corporation is reported to have operated a dynamite line there which

was later reportedly sold to U.S. Powder. A number of fires arid

explosions are known to have occurred in these areas. Use of lead

azide in the area is suspected. RDX may have been used in this area.

Many of the buildings and grounds have been "torched" to remove

residuals of flammable material. Most of the buildings are covered with

a spark-retarding asbestos sfdTng material. Also, within Area 11 are

.... '^storage areas where explosive powders were stored in rubber-lined
'*'""/ '

underground trenches. A burning pad is evident to the south of Area

11 where oil residues, 50-calibre powder magazines and small powder

cylinders are noticeable on the surface. The evaluations of these areas

are not included in this scope of work.

The Area 11 South Landfill is located adjacent to what appears to

be an old railroad bed. Much surface and buried litter is evident over
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an area of perhaps 10 acres. In addition to railroad track, ties and

,«„ ballast, the following were also observed: cinders and charred wood,

powder canisters, piping, metal, mesh, bricks, pumice blocks, 30- and

"""' 55-gal drums, reinforcing bars, a laboratory flask and miscellaneous

wire and plastic articles. One mound on the bank just above the
•4MH

stream bed has several of what appeared to be metal vents on the top

..., and a 4-in stainless steel pipe drain extending from the bottom. The

stream bed west of the road appeared to contain especially heavy con-

"""" centrations of debris. Black tars and ash were evident in the stream

bed.

Site H: Area 11 North Landfill

The Area 11 North Landfill appears to have been the site of a

""*"' large (2 to 3 acre) impoundment. The impoundment is flat in the

middle and has small intermittent stream or marsh areas bordering the
m m

east and west boundaries. Water appears to flow from south to nori:h

following periods of precipitation. The reinforced concrete remains of a

dam can be seen at the northwest end of the site. A large earth

bunker is located immediately to the west. It may have been built with

earth excavated from the semi-marshy lagoon area and may have been
11

constructed to protect the explosives processing areas located further

to the west. It was suggested that RDX or magnesium may have been

stored underwater here or the area may have been used to detonate

explosives or for experimental detonations. The level bottom of the

impoundment shows a number of bare patches of fine white silt or clay.
«!•*

Other weathered areas showed horizontal layering of white and gray
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sediments. A number of dynamite-type fuses were noticed here as well

as a small powder carrier, 1.5-in dia by 3 in, with the fuse intact,

Small lead chunks were also observed.

Site 5: Area 11 Acid Pond

The Area 11 Acid Pond is a diked impoundment approximately 300

ft x 150 ft which received drainage flowing north from the Area 11

process buildings. The dike extends 5 to 6 ft above the current water

level. A 12 inch diameter pipe exits to the west through the levee to a

valve box which controls the discharge from the pond to a small stream.

This drainage then exits through the woods and swampy areas to the

north. It is claimed that a spill of low-pH water (nitric acid) from the

pond years-ago killed all of the downstream vegetation for 1/4 mile. A

large stand of dead trees is still visible along the creek north of the

pond.

Sites 7, 8, 9, 10 and 11

D AREA SOUTHEAST DRAINAGE

D AREA SOUTHWEST DRAINAGE

P AREA NORTHWEST DRAINAGE

WATERWORKS NORTH DRAINAGE

P AREA SOUTHEAST DRAINAGE

The Olin D and P Areas are active Olin operations north of Crab

Orchard Lake. Explosives are currently manufactured in the D Area

while research and development is conducted in the P Area. It is likely

that chemicals handled in the P Area are non-conventional or "exotic".
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Universal Match also previously conducted operations here under con-

..... tract to the DOD. Their operations ceased after a large explosion.

Sites 7, 8, 9, 10 and 11 are locations within various drainage

"""" channels leading from the Olin D and P Areas. These discharge to the

Lake near the Refuge Waterworks.

... Site 7A:D Area North Lawn

There is a large (about 3 acre) lawn located northwest of the

active Olin D Area complex. It is claimed that barrels of chemicals

were dumped on a knoll within this lawn. No evidence of a knoll was

seen during the site visit, but a number (about 8) of depressed brown

II-.N patches were evident on the lawn. A visually clean drainage channel is

located south of the lawn and exits under the fence to the west. Other
iitalp

moist drainage areas extend to the wooded area to the west of the site.

inn

Site 11 A: P Area North

«.,i Located outside of the fence north of the Olin P Area is an aban-

doned L-shaped loading area with connecting covered walkways approxi-
i n

mately 100 ft and 85 ft. The central structure contains a loading dock

and a steamhouse containing a concrete pit with about 5 ft of clear
H

standing water. An old roadbed runs west and north of the structure

and draining swales surround all of the buildings. An abandoned (?)

sewer line also runs across the north edge of the site. It has been
««<•

reported that contaminants were dumped on the ground outside of the

building.
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Site 12: Area 14 Landfill

.,«, Area 11 was a site of munitions loading activity. Many of the

buildings have been abandoned or demolished, but a few industries

""""" presently occupy some of the buildings. Historic aerial photos indicated

what appeared to be landfill activity in the field east of the present-
Hl>*4

ly-occupied buildings. During the site visit the remains of a 100-ft dia

,,«, circular impoundment were found at this site. The interior of the

impoundment is presently overgrown with trees with trunk diameters of

""*' 8 to 10 in, indicating the date of the impoundment closure at about 1955

to 1965. The impoundment walls are about 6 ft high and the north wall
|||«Mll

has been breached to allow drainage to flow from the impoundment to an

.«.„ adjoining field. Several black oily pools are evident within and outside

the basin. Other bare patches of black sediment and tars are located

*""" around the basin floor.

ik* i

Site 13: Area 14 Change House Site

Southeast of the active Diagraph-Bradley buildings on Area 14 was

an old building which was recently demolished. Formerly, it was the
in i H

site of a "Change House" where workers changed their clothing after

working in the adjacent bomb-loading buildings. At one time a company

named CT1 (Chemicals and Technology, Inc.??) manufactured explosives

and other chemicals in this building. Other industries may also have

occupied this building. The change building was supposedly located

across from the bomb-loading building on a plot of land just southeast

of the intersection of two roads on the north edge of a big dirt mound.
KKi.l

The concrete floor of the change house is under this mound. Aerial
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photos show another building (no longer present) further east of the

corner; field inspection revealed several 1/2-in reinforcing rods imbed-

ded in concrete near the corners of this building.

Site 14: Area 14 Solvent Storage

Diagraph-Bradley or Diagraph Marking Systems currently operates

within a complex of buildings in Area 14. They produce inks, stencils,

stencilboards and marking pens. Linseed oil and various solvents are

handled in bulk and in drums here. Some of the bulk solvents noted

were: T25 Xylene, T8 Diacetone Alcohol, T9 Diethylene Clycol, and

T18 Methyl Cellosolve. Several compressed gas cylinders are also

present. At least two drum storage areas containing 50 to 200 drums

were also noted. Spill containment facilities are minimal. A drainage

ditch runs north parallel to the road west of the buildings. Process

water from the Diagraph-Bradley buildings enters this ditch from a

standpipe.

Sites 15 and 16

AREA 7 PLATING POND

AREA 7 INDUSTRIAL SITE

Area 7 contains a complex of 33 identical buildings which have

been used for a variety of industrial purposes during the past 40

years. Each of the six rows of buildings was previously served by a

railroad siding.

Within a wooded rise to the south is located a small pond (approxi-

mately 50 ft x 30 ft) which is bermed about five ft above the current
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water level. The current water depth is estimated to be about four ft,

It is claimed that this pond was used to receive plating wastewaters

from Olin operations which were located in this area at one time.

PCBs, lead and other heavy metals may be of concern here.

Many of the buildings on the Area 7 site are used for dry ware-

housing purposes. However, two specific locations have been specified

for sampling. Buildings 3-4, 3-5, and 4-4 are used by Pennzoil for

waste oil recovery and recycling operations. Black residues are notice-

able around some of these buildings. Buildings 5-2 and 5-3 are used

by a refurbisher of mining machinery. Black residues are also evident

around these buildings. A drainage channel runs from south to north

through the center of the site.

Site 17: Job Corps Landfill

Northeast of the Refuge Waterworks is a small (approximately 10

acre) pond created by Job Corps workers in the mid-1 960's. Attention

has recently been brought to this pond because as many as thirty or

more geese carcasses have been found floating on the water or littering

the shores. Some of these carcasses have been relatively fresh while

others were in various state of decay. The Fish and Wildlife Service

has completed extensive analyses of these carcasses and has ruled out a

variety of potential chemical causes. A definite conclusion has not yet

been reached.

The "Job Corps" landfill was discovered while investigating the

geese kills. It is located within a wooded area to the north and adjoin-

ing the pond and covers an area of perhaps an acre of more. It ap-

pears to be mainly surface litter dumped in spots and perhaps spread
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< i*
around, although deeper spots cannot be ruled out. Many of the

• «• surface articles appear to be connected with food preparation, e.g.

institutional-size food cans, and a variety of bottles. The bottle styles

and labels suggest a date of the mid-1950's, which was consistent with

a 1956 Illinois automobile license plate also found. Many of the debris
UN ••*

piles are overgrown by thick brush. Two bare patches (less than 6-ft

»• diameter each) were located among the debris. Mica flakes and small

electrical contacts were found in one of these. It is claimed that small

electrical capacitors were also found here, but none were noted during

this site visit. Probing with a trowel revealed no further debris be-
HM

neath the top inch of soil.

«*•)

Site 18; Area 13 Loading Platform
«MI1

On the northwest end of the Area 13 munitions storage bunkers is

a concrete loading platform adjacent to the abandoned and dismantled
«•»<

rail line. It is reported that munitions-type chemicals were dumped off

the platform. The site inspection indicated that the elevated concrete

loading dock is about 235 ft long by 10 ft wide and about 5 ft high.
.Hill

The dock is supported on concrete posts spaced 9 ft apart. The

northwest side contains stone bedding (probably from the oil railroeid

bed) with a number of small areas of ponded water. No unusual vege-

— tation changes were detected. The only unusual item was a pile of dirt

and stone rubble off the west end of the dock with a rusted drum shell
"*»i'l

nearby.
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Site 19: Area 13 Bunker 1-3

,-. Area 13 contains approximately 85 bunkers which were originally built

for storage of 500-lb bombs. Most of them still contain explosives,

""* leased mainly to Olin and U.S. Powder. Agricultural fields are cul-

tivated between the bunkers. Formerly, they were fruit orchards.
.«MI

It has been reported that chemicals were poured out near Bunker

.— 1-3, probably in the field next to it. A site inspection did not reveal

any significant signs of impact. Evidence of fill activity (scattered red
ttttMt

bricks) is widespread. An L-shaped area of brown vegetation differ-

ence was noted to the west side of the bunker.

•«.» Site 20: D Area South

An abandoned building is located within the fenced southeastern
li*4

end of the Olin D Complex. It was reported that chemicals were

dumped here. A drainage swale originating at the building runs east

outside of the fence. A four-in pipe (dripping) extends from the Olin

Area under the fence and discharges to this ditch. A slight sheen was

noticeable on the surface water in pooled areas of the ditch.

Site 21: Southeast Corner Field

At the southeast corner of the refuge is a field which is thought

i to be the site of a very old landfill. A pile of concrete pieces, pos-

sibly from an old bridge, is located immediately inside the fence. The

topography gradually slopes to the south and east with a swampy

drainage ditch at the bottom of the slope. No other evidence of debris
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could be found. Trees as large as 24-in in diameter suggest that the

area has not seen any soil-disturbing activity within the past 60 to 70

years.

Site 22: Old Refuge Shop

North of the refuge along Wolf Creek Road is the old refuge

headquarters, now leased by Diagraph Bradley. Behind this building i«>

located the old shop area of the refuge. Pine poles were treated here

with pentachlorphenol and shipped to various spots around the country.

Outside the fence to the north is a small pool which receives drainage

from the old shop area. The pool contains a green-yellow scum and

drains through the woods to the northwest.

Site 2U: Pepsi -West

The Pepsi Cola Bottling Company in Marion could potentially diS-

charge to Crab Orchard Creek. It is not known whether the City or

State monitor environmental activities here. A site inspection indicated

that it was unlikely that discharges issued directly south to the Creek,

since the entire south end of the property rises H to 8 ft in elevation

above the parking lot. Drainage ditches, however, were located to the

north adjacent to the street. These probably receive surface runoff

only.

Site 25: Crab Orchard Creek at Marion Landfill

The old Marion landfill is off Old Creal Springs Road and directly

abuts Crab Orchard Creek. It has apparently been inactive for a
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number of years. A visible face of trash can be seen by travelling

upstream several hundred yards from the road. Near to this is a small

pond (approximately 3/4 acre).

Sites 26 and 27:
— - - _. "

CRAB ORCHARD CREEK BELOW MARION STP

CRAB ORCHARD CREEK BELOW I57 DREDGE AREA

The Marion sewage treatment plant discharges to Crab Orchard

Creek somewhere upstream of Court Street. A number of samples

downstream from the Marion STP are scheduled to assess the quality of
»

various stretches of Crab Orchard Creek.

Site 28: Water Tower Landfill

Aerial photos indicate landfilling activities adjacent to the wate;r

tower near Areas 7 and 14. These activities are not visually apparent

today. The sloping face northeast of the water tower is heavily over-

grown with briars and rutted with several major gullies. Only a small

amount of refuse is evident on this slope. A previous soil sample taken

in this area showed 800 ppm lead concentration. More activity is evi-

dent in the woods at the bottom of the slope. A number of rusted

drums, metal parts and tar residues can be found here. Standing

water in the main drainage gully shows a slight sheen on the surface.

Several small mounds are within the woods and a larger mound is locat-

ed at the top of the hill.
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Site 29: Fire Station Landfill

Located southwest of the refuge fire station is a large field which

was used for storage of mining machinery until several years ago. The

northern and western edges of this field show evidence of a large dump

site. Debris is evident on the face which drops 4-5 ft. to a swampy

area to the west. Previous sampling near an evergreen tree on the

north side showed lead concentrations of 553 ppm. A slight sheen is;

noted in spots within the swamp. Most of the debris consists of con-

crete, metal, wire and other machinery-related items. It was reported

tnat Olin dumped heavily here and there once was a very hot fire.
- - . . _ _ i

Ignitable magnesium is suspected to be in the fill. An empty 30-gal
/'

drum labelled "Magnesium Powder" was found along the south portion of

the eastern face.

Site 30: Munition Control Site

A munition control site is established on an area where the

<«> operations involved only ammunitions manufacture.

Site 31: Refuge Control Site

A control sampling station is established on an uncontaminated area

of the refuge behind the new Refuge headquarters. Selection of the

« control site was coordinated with the Refuge Manager, following a site

visit.

1»J»
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Site 32; Area 9 Landfill

The Area 9 Landfill was used during the 1950's and early sixties

and was probably closed in 1964. The Landfill is located below approx-

imately 100 yds south of Crab Orchard Lake and approximately 100

yards east of the building complex. Runoff can drain from the landfill

into an intermittent creek and then to the Lake. The limits of the

landfill are discernible by changes in the topography and vegetation.

It is approximately 2.5 acres with a fill thickness of 8 to 10 feet in the

middle and 6 feet at the edges. Waste materials are exposed at lo-

cations where cover material has eroded. Some areas are void of vege-

tation.

The volume of the landfill is estimated to be from 16,000 to 35,000

cubic yards. Materials visible on the surface appear to be electrical

components consisting of small capacitors, capacitor parts, large chunks

of a golden resin, and a large number of 3-inch steel cuplike pieces.

Wastes were burned, compacted in a swale and covered when the

landfill was active. Specific compounds of concern include lead,

acetate, PCBs (Aroclor 1254 and 1242), and PCB burning products.

Other possible materials from capacitor manufacturing include mica,

silver, cyanide, aluminum hydroxide, aluminum oxide, gold, copper,

zinc, hydrochloric acid, styrene, nitric acid, phosphoric acid, and

borates. Other industrial wastes may include cyanides, printing inks

and lead-based explosives. A magnetometer survey indicated a high

concentration of metals on the east side of the landfill.

•' ••Nil
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Site 33: Area 9 Building Complex

The Area 9 Building Complex was leased during the period from

1946 to 1962 as the Ordill Facility containing the Sangamo Capacitor-

Division. Manufacturing operations began in the early 1950's. This

division manufactured power factor capacitors, AC motor run capacitors,
kviH*

and a variety of DC capacitors. The components were of various type:;

•>«» and included aluminum, electrolytes, mica, and silver and lead foil,

The Division also manufactured small transformers that used mineral oil
Hut

as a dielectric.

Subsequently, Olin Corporation started using the industrial facil-
. i> g

ities at the site. Olin manufactured explosives that were used to start

k •• jet engines. The company used nitro-glycerine in its operation.

ii*
Site 34: Crab Orchard Lake

Crab Orchard Lake (completed in 1940) has a surface area of 6,965
KM

acres, a maximum depth of 30 feet, and 635 acre-feet of storage capaci-

n* ty. The watershed drainage area is 109,261 acres. The lake has a

retention time of approximately 0.8 years. Water enters the lake
i«<*

through several creeks, including Crab Orchard Creek on the eastern

end of the lake and an intermittent creek adjacent to the Area-9 Land-
i4

fill. Water leaves the lake through Crab Orchard Creek on the western

- end of the lake. In addition, 280,000 gallons/day of water is used by

the Refuge.

The eastern section of the lake is near several manufacturing

operations established since the 1940s.



Section No: 1
Revision No: 1
Date: May 27, 1986
Page 18 of 33

HIM

1.03 Project Objectives . . ,' • ^/w^,M(. î -/< • ' * , * , * -« • ; •
,„ J -j,.- f v is <t,0/t *X°"r &"rf *

.» The primary objective of the RI/FS is to * recommend the most

cost-effective source control and off-site remedial actions. Source

"""" control remedial actions include measures to prevent, reduce, or elimi-

nate contamination either by containing the hazardous wastes in place or
N'Mfll

removing them from the site. Off-site remedial actions include measures

I,.*, to mitigate the effects of hazardous waste contamination that has migrat-

ed beyond the site. Appropriate source control and off-site remedial

""" actions will be formulated and analyzed in detail after sufficient data

have been generated through the remedial investigation.
!,«.. (

Based upon existing data, remedial actions that may be appropriate

..«> for the CONWR site include, but are not limited to, one or a com-

bination of the following:

i i it 0 No action.

0 Removal and disposal of waste material.
III!

0 Solidification or stabilization of waste material.

mill ° In place reconstruction or encapsulation of waste material.

0 Continued off-site monitoring.
ii 0 Limit access to contaminated areas.

0 Groundwater collection and treatment systems.
'-Lift it

0 Surface water drainage measures to prevent ponding on or

,IM,I. near sites of contamination.

0 Construction of groundwater barriers.
licit

0 Construction of a clay or synthetic cap over contaminated.
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Presently, the available data and information on the site are insuf-

ficient to allow a definitive selection, screening, and feasibility study of

remedial action alternative.

1.04 Project Description

The remedial investigation/feasibility study (RI/FS) for the Crab

Orchard National Wildlife Refuge Site is intended to determine the

nature and extent of contamination, to develop and evaluate remedial

alternatives and to identify cost-effective remedial actions to be taken

at contaminated sites on the refuge which reduce risks to acceptable
i

levels. To accomplish this, the following tasks will be completed:

characterize the on-site soil, sediment, water and biological

samples for the presence of hazardous contaminants (includes

landfill, surface soil, pond and lake water),

identify pathways of chemical migration from the site,

characterize the off-site soil, sediment, water and biological

samples for key hazardous components.

determine and describe on-site physical features that could

affect migration of key hazardous components, methods of

containment, or methods of remedial action clean-up,

develop viable remedial action alternatives,

permit the evaluation of the remedial action alternatives,

recommend the most cost-effective technically feasible remedial

option which has the ability to reduce impacts on human

health, welfare and the environment to an acceptable level,

prepare a conceptual design of the recommended remedial

action alternative.
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TASK 1 - DESCRIPTION OF CURRENT SITUATION

O'Brien & Cere will describe the background information pertinent

to the sites and outline the purpose and need for remedial investiga-

tions at those locations. The data gathered during any previous inves-

tigations or inspections and other relevant data will be used. A partial

list of sources on published and unpublished data available on Crab

Orchard Creek watershed and Crab Orchard Lake is included in the

Work Plan Supplement (December 1985).

The sub-tasks will include site background, nature and extent of

the problem at the sites under investigation and a history of response
9

actions.

TASK 2 - REMEDIAL INVESTIGATION SUPPORT

Prior to initiating any field investigations, the following prelimi-

nary work will be completed.
lull

A. Site Visit

Initial site visits will be conducted to become familiar

with site topography, access routes, and proximity of recep-

tors to possible contamination, and collect data to support the

Site Health and Safety Plan. Site surveys will be conducted

to identify and stake boundaries of known contaminated areas,

monitoring wells, and soil borings, and to identify sediment

sample locations. A geophysicist will evaluate the applicabil-

ity of using geophysical methods to determine the existence of

contaminant groundwater plumes if necessary. The visit will
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be used to verify the site information developed in Task 1.

"•-» The Site Health and Safety Plan will be amended, if neces-

sary, as a result of this visit.

B. Site Maps

O'Brien & Gere will prepare site maps showing all

—• wetlands, water features, drainage patterns, tanks, build-

ings, utilities, paved areas, easements, right-of-ways, and
HMH'

other features. The site maps and all topographic surveys

will be of sufficient detail and accuracy to locate and report
t

all existing and future work performed at the sites. Areas to

•"'•» be investigated will be mapped using existing topographic

maps or aerial photos. After the initial analytical data have
i«

been reviewed and where necessary for remedial efforts, the

topographic maps will be prepared with 1-foot contours refer-

enced to the National Geodetic Vertical Datum with a scale of

'"• 1 inch to 50 feet. The maps will extend 200 feet beyond site

boundaries and include all drainages to Crab Orchard Lake.
tm

Boundary lines encompassing contaminanted areas will be

identified. The boundary lines for the landfill study sites

will be identified using magnetometer and electromagnetic

methods. The boundary conditions will be set so that subse-

quent investigations will cover the contaminated media in
imttt

sufficient detail to support the feasibility study. The bound-

ary conditions may also be used to identify boundaries for
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site access control and site security. If necessary, a fence

„_, or other security measures may be installed as an initial

remedial measure.

C. Dispose of On-Site Generated Waste
<ill*Hll *

All wastes generated by on-site activities will be la-

,._, belled, drummed and stored within controlled-access areas.

Wastes which will be drummed include: all drill cuttings, all

"""" purged groundwater from well development, decontamination

wash water and disposable protective clothing. These mate-
IIKMt

rials, if contaminated, will be properly disposed of during

,,„,, cleanup actions as identified by the feasibility study.

'"* TASK 3 - SITE INVESTIGATIONS

O'Brien & Gere will conduct remedial investigations necessary to
U«r

characterize the site and its actual or potential hazard to public health

„„ and the environment. The site investigations will generate data of

adequate technical content to support detailed evaluations of alternatives

"'"' during the feasibility studies.

The site investigations will be conducted in two phases. Phase I '•>
n« ^ f . i . _\ ct*ff

''""' with include^geophysical surveys, hydrogeologic investigations, installa-

,, tion of groundwater monitoring wells, and a screening of each site to

analyze composited samples for a broad array of potential contaminants

"* as listed in Table 2. Selected samples will be confirmed by a full

analysis for the priority pollutants.



TABLE 2

RI/FS ANALYTICAL PARAMETERS

1. Purgeable Priority Pollutants
(Screening and Full Analysis)

2. Acid Extractable Priority Pollutants
(Screening and Full Analysis)

3. Base/Neutral Extractable Priority Pollutants
(Screening and Full Analysis)

4. Pesticide/PCB Priority Pollutants
(Screening and Full Analysis)

5. PCB's

6. Metals
ICP scan
Priority Pollutant Metals by AA Spec
Mercury

7. EP Toxicity

8. Cyanide 40

9. Indicators
pH (field)
Specific Conductance (field)
Total Organic Carbon
Total Organic Halogens

10. Explosives Residues by HPLC

11. Nitrogen Series: TKN, NH3N, NO3N

12. PCDD/PCDF
(Screening and Full Analysis)

13. Cation Exchange Capacity

14. Total Phosphorus

15. Primary and Secondary Drinking Water Standards

16. Percent Solids (for soil/sediments)
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'The sites listed in Table^xfall under five categories.

1. Landfills

2. Surficial Contaminant Sites

3. Streams

4. Ponds

5. Lake

Phase II will consist of additional sampling and analysis to fill in

data gaps identified in Phase 1 and further assess the extent of con-

tamination at each site where materials of concern are found. The

general rationale in developing sampling and analysis schedules for each

category of sites is shown in Table 3.

The sub-tasks under site investigations include:

A. Geophysical Surveys

B. Hydrogeologic Investigations

C. Croundwater Sampling and Analysis

D. Soil Investigation

E. Surface Water and Sediment Sampling and Analysis

F. Fish Sampling and Analysis

A. Geophysical Surveys

Geophysical investigations will be conducted to determine

the extent of soil and groundwater contamination, if any, in

the vicinity of several specified study sites as outlined in

Appendix B. In particular, the geophysical investigations

will be conducted at areas of suspected landfill activities, and

will consist of magnetometer and electromagnetic induction

(EM) surveys.



!AbLt

REMEDIAL INVESTIGATION SAMPLING AND ANALYSIS SEQUENCE

Site Category

Landfills

Phase I

Cores - depth composites - screening
& full priority pollutants &
explosives residuals + ICP metals -
Install wells-analyze indicators +
metals.

Phase II

Radial & depth cores and wells for
priority pollutants & explosives
residuals found in cores & AA metals.

Contingency

Surface Geophysics
- locate utilities

Surf. Soils - screening & full
priority pollutants and explosive
residuals + ICP metals.

Depth soils
Radial soils - surf. & depth
Runoff - water & sediments &
depth profile

Streams - Waters
- Sediments

Upstream/downstream - screening & full
priority pollutants & explosive resi-
duals Surf, seds: 2 near shore, 1 near
lake - screening & full priority
pollutants + expl. + ICP metals

Surf seds - int + depth seds. -
priority pollutants found +
AA metals

Ponds - Waters
- Sediments
- Groundwater

(Same rationale as streams)
(Same rationale as streams)
Upgradient/downgradient wells
(2) - indicators

Depth profile on sediments
priority pollutants + expl. found
in waters or seds.

Additional wells

Lake - Waters

- Sediments
- Biota

5 sites; primary & secondary -
Drinking Water stds.
(None)
Sample & freeze

5 biota sites + 5 use sites:
anything found in Phase I
5 sites: parameters found in Phase I

parameters found in Phase I

Control Sites - Lake control

- Soil & groundwater control
- Clean area
- Munitions area

(All analyses included at other sites)
Full scans

*ICP: Metals analysis by Induced Coupled Plasma Spectrophotometry
AA: Metals analysis by Atomic Adsorption Spectrophotometry
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B. Hydrogeologic Investigations

The hydrogeologic investigation will be used to determine

the present and potential extent of groundwater

contamination, if any, and evaluate the suitability of the site

for on-site waste containment. Efforts will begin with a

survey of previous hydrogeologic studies and other existing

data (completed as part of Task 1 a and c). The survey will

address the degree of hazard, the mobility of chemicals

considered, the soil attenuation capacity and mechanisms,

discharge/recharge areas, regional flow direction and quality,

and effects of any pumping alternative. Subsequent to the

survey of existing data, sampling programs will be developed

to determine the horizontal and vertical distribution of

chemicals considered and predict the long-term disposition of

such chemicals.

C. Sampling and Analyses of Croundwater
*?"•&,

Groundwater monitoring wells w4H—be installed during the
• // L

i/F for

Phase I sampling effort and/isampled during Phase II. Addi-

tional monitoring wells will be installed, if necessary after

existing on-site wells are sampled and the water analyzed for

contaminants of concern. Then, based on the geophysical

results (Task 3a) and results of contaminant analyses, the

extent and scope of any additional hydrogeologic investigation

will be determined.
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D. Soil Investigation

O'Brien & Gere will develop and conduct a program to

identify the location and extent of surface and subsurface

soil, and sediment contamination. This process may overlap

with certain aspects of the hydrogeologic study, e.g.,

characteristics of soil strata are relevant to both the

transport of contaminants by groundwater and to the location

of contaminants in the soil. These soil samples and an

additional number of soil borings will be collected for analysis

from various sampling sites around the refuge.

E. Surface Water and Sediment Investigation

O'Brien & Gere will develop and conduct a program to

determine the extent of water and sediment contamination on

selected refuge lakes, marshes, ponds and streams. This

process may overlap with the soil investigation; data from

lake sediments sampled may be relevant to surface water

quality. A survey of existing data on surface water quality

and quantity may be a useful first step.

F. Fish and Wildlife Investigations

Selected species of fish and other aquatic organisms on

the refuge will be collected by FWS and analyzed by O'Brien

8 Gere for residual levels of contaminants previously

identified in landfills and other contaminated areas on the

refuge.
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TASK 4 - PRELIMINARY REMEDIAL TECHNOLOGIES

A. Post-Investigation Evaluation

Either during or following the site investigations,

O'Brien & Gere will assess the investigation results and

recommend preliminary remedial technologies best suited to

specific contaminant problems for each site. They will pro-

vide the basis for developing detailed alternatives needed for

the completion of the feasibility studies. The data generated

during the remedial investigations will generally be limited to

accomplish the following:

1. Recommend types of remedial technologies appropriate to

physical and site contaminant conditions.

2. Recommending whether or not to remove some or all of

the waste for off-site treatment, storage, or disposal.

3. Determine the compatibility of groups of wastes with

other wastes and with materials considered as part of

potential remedial action. Recommend alternatives for

treatment, storage, or disposal for each category of

compatible waste.

TASK 5 - SITE INVESTIGATIONS ANALYSIS

The results of Tasks 1 through 4 will be used to prepare a thor-

ough analysis and summary of all site investigations. The objective of

this task is to ensure that the investigation data are sufficient in

quality and quantity to support the feasibility studies.
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The results and data from all site investigations will be organized

and presented logically. The geographic groupings listed on Table 1

will form the basic structure for all of the assessments. This will

permit the assessment of transport modes and impact to receptors.

A. Data Analysis and Endangerment Assessment

The site investigation data will be analyzed to develop a

summary of the type and extent of contamination at the sites.

The summary will describe the quantities and concentrations

of specific chemicals at each site and ambient levels surround-

ing the sites. Ambient samples will be collected from control

sites.

Data collected during the Rl phase will also be evaluated

to determine if environmental conditions or materials at the

site present potential hazards to human health or welfare, or

to the environment. Existing standards will be reviewed to

help formulate conclusions and recommendations regarding the

hazard potential of the site. If additional hazards are iden-

tified, the risks associated with each hazard will be sum-

marized.

This analysis will discuss the degree to which either

source control or off-site measures are required to signifi-

cantly eliminate the threat, if any, to public health or the

environment. If the results of the investigation indicate that

no threat or potential threat exists, a recommendation of no

remedial response will be made.
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•'''"' A technical memorandum will be prepared by the Respon-

dents summarizing the hazard evaluation process and present-

ing the results of the hazard assessment.

TASK 6 - FINAL REPORT
• !«• ~~~~~~~~~~̂ ~"̂ ~~~™~~~~̂ ~~~"~~—~~"°

A final Rl report will be prepared to consolidate and summarize the

•— data collected during the Rl. The report will include a discussion of

the data acquired during the Rl and the hazard identification and risk

potential of the contaminants detected. Ten copies of the remedial

investigation report will be submitted to the FWS. The report will be
««<••

structured to enable the reader to cross-reference with ease.

nm*

TASK 7 - COMMUNITY RELATIONS
ll!«t

The Community Relations program is included as Task 7; however,

the dissemination of information to the public will be coordinated by the
IN<*

FWS throughout the duration of the study. O'Brien & Gere will provide

«* personnel, at the Service's discretion, to support the programs as

community relations must be integrated closely for all remedial response
i«

activities.

The objectives of this effort are (1) to keep the community in-
i

formed as to the study progress, (2) to achieve community understand-

ing of the actions taken, and (3) to obtain community input, and sup-

port prior to selection of the remedial alternative(s).
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TASK 8 - ADDITIONAL REQUIREMENTS

A. Reporting Requirements

O'Brien & Cere will prepare monthly reports to describe

the technical and financial progress of the project. These

reports will discuss the following items:

1. Identification of sites on which activity took place and

the nature of those activities.

2. Status of work at the site and programs to date.

3. Percentage of completion.

4. Difficulties encountered during the reporting periods.

5. Actions being taken to rectify problems.

6. Activities planned for the next month.

7. Changes in personnel

8. A comparison of target and actual completion dates for

each element of activity including project completion and

an explanation of any schedule deviations in the work

plan.

9. Progress Reports on Items 1 through 8 will be submitted

to FWS, who shall in turn relay them to USEPA arid

I EPA.

10. A Work Plan that includes a detailed technical approach

and schedules will be submitted for the proposed fea-

sibility study.
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B. Site Health and Safety Plan

Prior to conducting any field activities O'Brien & Cere

will provide any necessary modifications to the Site Health

and Safety Plan as presented in Appendix C. The plan is

consistent with:

Section 111 (c) (6) of CERCLA.

EPA Order 1440.3 - Respirator Protection

EPA Order 1440.2 - Health and safety requirements for

employees engaged in field

activities.

EPA Occupational Health and Safety Manual.

Other EPA guidance as provided.

State Safety and health statutes.

Site conditions.

EPA Interim Standard Operating Safety Guide (September

1982) and applicable OSHA standards.

C. Quality Assurance/Quality Control (QA/QC)

O'Brien & Cere has prepared a Quality Assurance Project

Plan (QAPP) for the sampling, analysis, and data handling

aspects of the remedial investigation which is presented in

Appendix A. The QAPP plan is consistent with U.S. Fish

and Wildlife Service, State and Federal EPA requirements.

The plan addresses the following points:
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1. QA Objectives for Measurement Data, in terms of preci-

sion, accuracy, completeness, representativeness and

comparability.

2. Sampling Procedures.

3. Sample Custody.

4. Field Equipment, Calibration Procedures, References and

Frequency.

5. Internal QC Checks and Frequency.

6. QA Performance Audits, System Audits, and Frequency.

7. QA Reports to Management.

8. Preventative Maintenance Procedures and Schedule.

9. Specific Procedures to be used to routinely assess data

precision, representativeness, comparability, accuracy,

and completeness of specific measurement parameters

involved. This section will be required for all QA

project plans.

10. Corrective Action.

D. Site Sampling Plan

Site specific sampling plans for Phases I and II of site

investigations have been developed for this Remedial

Investigation, and are summarized in Section 1.05 of this

QAPP. The sampling plan covers the sampling efforts

described in the Remedial Investigation work plan and

addresses the following topics:
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0 Sample types and tentative locations

„ ° Sample equipment and procedures

0 Sample handling, custody procedures, and preservation

"""" ° Sample documentation

0 Sample shipping
HIM

0 Analytical arrangements (scheduling)

.... ° Analytical procedures

0 QA/QC review procedures of data

""" ° Analytical review of data

0 Disposal of unused samples
nlMIl

.,«* 1.05 Sampling and Analysis

Phase I sampling and analysis details are set forth in Appendix B
. j|

of the Site Sampling Plan dated 6/85. Additional details are included in

the Work Plan Supplement dated 12/85. The Phase II sampling program
(i

is presented in detail in the Work Plan Supplement, Phase II Site

i Operations Plan dated 4/86.

Sampling activities under various Remedial Investigation Tasks are

shown in Table H. A listing of individual samples scheduled for Phases

I and II sampling and analysis are included as Attachment 1. The
i* i

parameters included in the various Analysis Sets are given in Table 5.

_„ The number of samples scheduled are summarized by sites and analysis

sets in Table 6 for Phase II and Table 7 for Phase 1. The rationale for

""" Phase I sampling at these sites are indicated for each sample in

Attachment 1 and explained in Attachment 2.



TABLE H

SUMMARY OF ANALYSES TO BE PERFORMED

Task No.
(WORK PLAN)

No. Samples No. For Full
Collected Screening Analyses

Selected No No
Parameters Spikes Dup(s)

Field
Analyses Comments

2-B Site Maps 1"=50' Scale
with 1' contors

3-A Geophysical Survey

3-B Hyrdogeologic
Investigations

6 sites
6 sites

9 wells
to be
installed

Terrain Conductivity
Magnetometer

Fike Sta. - 4 wells
Acid Pond - 1 well
Refuge control-1 well
Munciation Control

- 1 well
Water Tower - 2 wells

EM-31 Meter Used
Proton Magneto-
meter

2" ID/ SSt

PVC Casing and
well screening

3-C Groundwater Sampling
and Analyses 16

5(1) KM)
*(Q)
6(S)

Temp, phi and Spec.
Conditions

Samples will be
collected and
Analyzed in
Phase II

3-D Soil Investigation

3-F Biota

328

363-E Surface Water
and

Sediment Investigation 71

30

306

26

6-(F)
7(C)
9(H)

10(1)

10(F) 2(H)
3(G) 8(1)

2(H)

20 39

1 2

4 11

28(T) Length and Weight Samples Frozen
before shipping

Note;

The letters in parenthesis under full analysis and selected parameters indicate analysis sets (see Table 5).



PARAMETER LIST FDR PHASES I t II ANALYSIS SETS

Table 5 pg.l

PARAMETERS

5. PCB's

6. totals - ICP Scan

-full Anal.

-Screen

ANALYSIS SET
B

1. Purgeable Priority Pollutants -Screen x
-Full Anal. -

2. Acid Extract. Priority Pollutants -Screen x
-full Anal. -

3. Base/Neutral Extact. Prior. Poll. -Screen x
-Full Anal. -

4. Pesticide/PCB Priority Pollutants -Screen x

- Prior. Poll, scan by AA -full Anal.
- Hercury x
-Cad»iiM
- Chro»iu«
- Magnesiu*
-Lead

7. £P Toxicity - Chro«iu»
- Cad»ii*, Chro»iu», Lead

8. Cyanide 40

9. Indicators - pH (field)
- Specific Conductance (field)
- Total Organic Carbon
- Total Organic Halogen

10. Explosives Residues by WLC

11. Nitrogen Series: TKN, NH3, N03

12. PCDD/PCDF

13. Cation Exchange Capacity

14. Total Phosphorus

15. Priaary I Secondary Drinking Hater Stds.

16. Percent Solids (on soil/sed only)

(Revised March 10,1986)

H I

X X X

X X X

(field)

"" Screen
-full Anal.

x

x
X

X

X

X

X

_ _

-

"
X

X

X

X

-

X

X

-

X

X

X

X

X

X

X

X

-

- - x

X

X

- - x
X

- - x

- - x

_ _ _

- X X

NOTE: SETS F I B are full analysis of parameters screened in SETS A ft D resply.
SET H is full analysis of selected samples instead of SET D
SETS I to T are for samples analyzed in Phase II

Print range:E4.M52 t M4.X52; Y4.A654 t AH4.AR54; AS4.AB54 t BB4.BL54} BM4.BU54 I BV4.CF56



PARAMETER LIST FOR PHASES I ft II ANALYSIS SETS (Revised March 10,19B6)

Table 5 pg.2

PARAMETERS ANALYSIS SET (contd.)
J K L M N O P Q R S T

1. Purgeable Priority Pollutants -Screen - - x - - -
-Full Anal, x - - - - x

2. Acid Extract. Priority Pollutants -Screen x
-Full Anal, x - - - - x

3. Base/Neutral Extact. Prior. Poll. -Screen - - - - - -
-Full Anal. - - - - - -

4. Pesticide/PCB Priority Pollutants -Screen - - - - - -
-Full Anal. - - - x

5. PCB's

6. Metals - ICP Scan -Screen
- Prior. Poll, scan by AA -Full Anal.
- Mercury - - - - - - - - - - x

- ChroMiiM _ _ - „ _ - _ - . - _
- MagnesiuB - - - - - x - - - x -
- Lead - - - - - - x x - x x

7 . E P Toxicity - Chrwiu* _ - _ - x _ _ - _ - -
- CadeiuB, Chroriui, Lead _ - _ _ _ - _ _ „ - _

8 . Cyanide 4 0 x - - - - - - - - - -

9. Indicators - pH (field) ...
- Specific Conductance (field) - - -
- Total Organic Carbon -
- Total Organic Halogen - x -

10. Explosives Residues by HPLC -

11. Nitrogen Series: TKN, NH3, ND3 ...

12. PCDD/PCDF Ocreen _ - -
-Full Anal. - - -

13. Cation Exchange Capacity -

14. Total Phosphorus -

15. Primary ft Secondary Drinking Uater Stds. - - -

16. Percent Solids (on soil/sed only) x x x

SET H is full analysis of selected samples instead of SET D
SETS I to T are for saaples analyzed in Phase II



PHASE I SAHPLIN6 & ANALYSIS SUMMARY

Table 6 pg.l

(Revised March 10, 1988)

lul

SITE SAHPLE TYPE
NO.

HATER WELL SOILS SEDIMENTS BIOTA
NO.OF ANAL. NO.OF ANAL. NO.OF ANAL. NO.OF ANAL. NO.OF ANAL
SAMPL TYPE SAMPL TYPE SAMPL TYPE SANPL TYPE SAMPL TYPE

3 AREA 11 SOUTH LANDFILL

4 AREA 11 NORTH LANDFILL

5 AREA 11 ACID POND

7A D AREA NORTH LAWN

11A P AREA NORTH

7 D AREA SOUTHEAST DRAINAGE

8 D AREA SOUTHWEST DRAINAGE

9 D AREA NORTHWEST DRAINAGE

10 WATERWORKS NORTH DRAINAGE

11 P AREA SOUTHEAST DRAINAGE

20 D AREA SOUTH

12 AREA 14 LANDFILL

13 AREA 14 CHANGE HOUSE SITE

14 AREA 14 SOLVENT STORA6E

IS AREA 7 PLATING POND

16 AREA 7 INDUSTRIAL SITE

17 JOB CORPS LANDFILL

18 AREA 13 LOADING PLATFORM

0 -

0 -

1 A

0 -

0 -

1 A

1 A

1 A

1 A

1 A

0 -

0 -

0 -

2 A

1 A

2 A

2 A

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

1 M

0 -

4 Q

0 -

3
1

1

1

16
1

4

0

0

0

0

0

0

I

6

0

0

7
2
I
1

5
2
2

4
1

A
F

I)

A

A
F

A

-

-

-

-

-

-

D

A

-

-

A
D
F
G

A
D
G

A
F

1
1

1
1

1
1

0

4
1

1

1

1

1
1

1
1

I
1

1
1

0

2
I

1

3
1

0

0

A
D

A
F

A
F
_

A
F

A

A

A

D
G

A
F

A
F

A
6

-

A
F

A

A
F

-

-

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

19 AREA 13 BUNKER 1-3 0 - 5 A
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PHASE I SAMPLING & ANALYSIS SUMMARY (Revised March 10, 1986)

Table 6 pg.2

SITE SAMPLE TYPE WATER WELL SOILS SEDIMENTS BIOTA
NO. NO.OF ANAL. NO.OF ANAL. NO.OF ANAL. NO.OF ANAL. HO.OF ANAL.

SAMPL TYPE SAMPL TYPE SAMPL TYPE SAMPL TYPE SAMPL TYPE

1 F

30 MUNITIONS CONTROL SITE

21 SOUTHEAST CORNER FIELD

22 OLD REFUGE SHOP

24 PEPSI-WEST

25 C.Q.CREEK AT MARION LF

26 C.Q. CREEK BELQU MARION STP

27 C.O. CREEK BELOW 157 DREDGE

28 WATER TOWER LANDFILL

29 FIRE STATION LANDFILL

32 AREA 9 LANDFILL

33 AREA 9 BUILDING COMPLEX

35 AREA 9 EAST WATERWAY

34 CRAB ORCHARD LAKE

31 REFUGE CONTROL SITE

0 -

0 -

1 A

1 A

3 A

2 A

1 A

0 -

0 -

0 -

0 -

0 -

10 I
5 E

0 -

1 I 1
1

0 - 4
1

0 - 0

0 - 0

0 - 0

0 - 0

0 - 0

2 S 11
1
1

4 S 5
2
1

3 I 1
8
27
9

0 - 184
4

0 - 0

0 - 0

1 I 1
1

D
6

A
F

.

.

.

-

-

A
D
G

A
D
G

A
B
C
H

B
D

-

-

D
G

0

0

1
1

1
1

2
1
1

2

1

0

0

15
3

0

1
1

8
2

0

-

_

A
F

A
F

A
D
6

A

D

-

_

A
D

.

A
F

I
H
_

0

0

0

0

0

0

0

0

0

0

0

0

28
2

0

-

.

.

.

_

-

-

-

-

-

.

.

T
H

-

TOTAL NUMBER OF ANALYSES 36 16 328 71 30
481 .



PHASE I SWUNG I ANALYSIS SUMMARY {Revised Mart* 10, 1986)

PHASE I SAMPLIN6 AND ANALYSIS SUMMARY (Revised March 30, 1986)
ANALYSIS SET

NO. OF ANALYSES

UATER
WELL
SOILS
SEDIMENTS
BIOTA

SUB-TOTAL

QA/QC - UATER
DA/QC - SOIL
QA/QC - SEDIMENT
QA/QC - BLANKS

QA/QC - TOTAL

TOTAL

SCREENIN
A

21
0
72
41
0

134

1
12
7
9

29

163

B

0
0

192
0
0

192

0
31
0
0

31

223

C

0
0
27
0
0

27

0
4
0
0

4

31

D

0
0
15
7
0

22

0
6
1
1

8

30

E

5
0
0
0
0

5

0
0
0
0

0

5

SUB-
TOTAL

26
0

306
48
0

380

1
53
8
10

72

452

_FULL ANALYSIS
F 6 H

0
0
6
10
0

16

0
1
2
0

3

19

0
0
7
3
0

10

0
2
1
2

15

0
0
9
2
2

13

0
2
1
1

17

I

10
5
0
a
0

23

3
0
3
1

SUB-
TOTAL

36
5

328
71
2

442

4
SB
15
14

.SELECTED PARAMETERS
M Q S

7

30

91

533

0
1
0
0
0

0
0
0
0

0

1

0
4
0
0
0

1
0
0
0

1

5

0
6
0
0
0

0
2
0
0

0
0
0
0
28

28

0
0
0
0

0

28

TOTAL

36
16
328
71
30

481

5
60
15
14

94

575

tu
cr
n>
CTt

/ •-



TABLE 7 pg 1

PHASE II SAMPLING & ANALYSIS SUHHARY

4 H

(Revised March 10, 1986)

SITE SAMPLE TYPE
NO.

WATER SOILS SEDIMENTS
NO.OF ANAL. NO.OF ANAL. NO.OF ANAL.
SANPL TYPE SAMPL TYPE SAMPL TYPE

3 AREA 11 SOUTH LANDFILL

4 AREA 11 NORTH LANDFILL

5 AREA 11 ACID POND

7A D AREA NORTH LAWN

11A P AREA NORTH

7 D AREA SOUTHEAST DRAINAGE

8 D AREA SOUTHWEST DRAINAGE

9 D AREA NORTHWEST DRAINAGE

10 WATERWORKS NORTH DRAINAGE ( 1

11 ? AREA SOUTHEAST DRAINAGE

20 D AREA SOUTH

12 AREA 14 LANDFILL

13 AREA 14 CHANGE HOUSE SITE

14 AREA 14 SOLVENT STORAGE

15 AREA 7 PLATING POND

16 AREA 7 INDUSTRIAL SITE

'l7 JOB CORPS LANDFILL

18 AREA 13 LOADING PLATFORM

19 AREA 13 BUNKER 1-3

30 MUNITIONS CONTROL SITE

21 SOUTHEAST CORNER FIELD

22 OLD REFUSE SHOP

24 PEPSI-HEST

25 C.O.CREEK AT MARION LF

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

^^~1 J ,

0 -

0 -

0 -

0 -

0 -
J*

0 -

2 0

2 Q

0 -

0 -

0 ^r

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

o -

0 -

0 -

3^
^ * -

o -

0 -

0 -

o -

0 -

""T""
0 -

35 P
12 6

0 -

0 -

0
~ J' .' 4

0 -

0 -

0 -

0 -

0

0

0

0

0

0

0

— -r
5

5

0

0

0

5

1

0

2

0

0

f i ,*:.

°

5

0

0

-

-

-

-

-

-

-

—- — •

J

K

-

-

-

L

N

-

a

-

-

-

-

•
-

_

X

: 4
-" f

If

//



TABLE 7 pg 2

PHASE II SAMPLIN6 & ANALYSIS SUMMARY (Revised March 10, 2986)

SITE SAMPLE TYPE WATER SOILS SEDIMENTS
NO. NO.OF ANAL. NO.OF ANAL. NO.OF ANAL.

SAMPL TYPE SAMPL TYPE SAMPL TYPE

26 C.O.CREEK BELOW MARION STP 0 - 0 - 0 -

27 C.O.CREEK BELOW 157 DRED6E 0 - 0 - 0 -

28 HATER TOUER LANDFILL 0 - 0 - 0 -

29 FIRE STATION LANDFILL 0 - 13 S 0

ĉ '/ £*•%- ••<*<>

32 AREA 9 LANDFILL 0 - 0 - JST B

33 AREA 9 BUILDIN6 COMPLEX 0 - 151 B 0 -

35 AREA 9 EAST WATERWAY 0 - 0 - 0 -

34 CRAB ORCHARD LAKE 0 - 0 - 0 -.

31 REFUSE CONTROL SITE 0 - 0 - 0 -

TOTAL NUMBER OF ANALYSES 5 211 80
296

NOTE: Hell water and lake water and sediient saiples were scheduled as
part of the PHASE I Sampling program and will be collected and
and analyzed in PHASE II. Lake fish saiples that were collected
in PHASE I will also be analyzed in PHASE II.



TABLE 7 pg 3

PHASE II SAMPLING t ANALYSIS SUMMARY (Revised March 10, 1986)

SAMPLING AND ANALYSIS SUMMARY BY SETS

NO. OF ANALYSES
ANALYSIS SET

N T TIJTAL

UATER
SOILS
SEDIMENTS

SUB-TOTAL

QA/QC - UATER
QA/QC - SOIL
QA/QC - SEDIMENT
QA/QC - BLANKS

QA/QC - TOTAL

TOTAL

0
151
57

208

0
20
9

3̂1

239

1
0
5

6

0
0
1
1

2

8

0
0
5

5

0
0
1
1

2

7

0
0
5

5

0
0
1
0

I

6

0
0
0

0

0
0
0
0

0

0

0
0
1

1

0
0
0
0

0

1

2
0
0

2

0
0
0
0

0

2

0
35
0

35

0
0
6

,_i--

7

42

2
12
2

16

$
2
0

&

3

19

0
0
5

5

0
0
0
0

0

5

0
13
0

13

0
2
0ty
I

15

0
0
0

0

0
0
0
0

0

0

5
211
80

296

0
24
18
6

48

344
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1.06 Project Schedule

The proposed project schedule is illustrated in Figure 2. This

schedule was developed for planning purposes. Several tasks identified

in the Work Plan emphasize uncertainties or contingent items which may

be defined at a later date depending on the results of analytical data or

engineering assessments. Therefore, schedule modifications may be

necessary as these tasks are encountered.
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FIGURE 2

CRAB ORCHARD NATIONAL WILDLIFE REFUGE

Revised Project Schedule
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,11 .1*

SECTION 2 - PROJECT ORGANIZATION AND RESPONSIBILITY

>i nt.*

2.01 Functional Activities
<i.<

Table 8 lists the functional activities of this project and the firms

responsible for the particular activity.

••* 2.02 Project Organization

Table 9 lists the primary contacts for the project. Project

technical personnel and quality assurance personnel are indicated in the

i— project organization chart (Figures 3 and 4 respectively). Primary

responsibility for project quality review rests in the NWR Resource

"""' Contaminants Assessment Coordinator. Independent quality assurance

review is provided by the Columbia National Fisheries QA/QC
• \>

representatives, the refuge manager, and the USEPA On-Scene

I Coordinator.

2.03 Project Manager

The Project Manager will have primary responsibility for overseeing

all facets of the project on a day-to-day basis. Specifically, his duties

will include:

Project scheduling

Budget control

Subcontractor performance review

Review of interim reports

Responsible for project coordination and communication

Project deliverables



Page*

TABLE 8
FUNCTIONAL ACTIVITIES

Task/Activity

Task 1 - Description of Current Situation

Task 2 - Remedial Investigation Support
Support - A - Site Visit

B - Site Maps

Task 3 - Site Investigations
A - Geophysical Surveys
B - Hydrogeologic Investigations

- Installation of Monitoring Wells

C - Groundwater: Sampling
Analyses

D - Soil Investigation: Sampling
Analyses

E - Surface Water & Sediment Investigation:
Sampling
Analyses

F - Biota: Sampling
Analyses

Task 4 - Preliminary Remedial Technologies

Task 5 - Site Investigations Analysis

Task 6 - Final Report

Task 7 - Community Relations

Task 6 - Additional Requirements

Responsible Company

O'Brien & Gere Engineers, Inc.

O'Brien & Gere Engineers, Inc.
O'Brien & Gere Engineers, Inc.

O'Brien & Gere Engineers, Inc.
O'Brien & Gere Engineers, Inc.
Professional Service Industries, Inc. with
O'Brien & Gere Engineers, Inc. Supervising
O'Brien & Gere Engineers, Inc.
O'Brien & Gere Laboratories, Inc.
Environmental Testing & Certification (ETC)
O'Brien & Cere Engineers, Inc.
O'Brien & Gere Laboratories, Inc.

O'Brien & Gere Engineers, Inc.
O'Brien & Gere Laboratories, Inc.
Environmental Testing & Certification (ETC)
O'Brien & Gere Engineers, Inc.
O'Brien & Gere Engineers, Inc.

O'Brien & Gere Engineers, Inc.

O'Brien & Gere Engineers, Inc.

O'Brien & Gere Engineers, Inc.

Fish and Wildlife Service

O'Brien & Gere Engineers, Inc.

Where Performed

Main Office, Syracuse, New York

On-Site
Main Office, Syracuse, New York

On-Site
On-Site
On-Site

On-Site
Laboratory - Syracuse, New York
Laboratory - Edison, New York
On-Site
Laboratory, Syracuse, New York

On-Site
Laboratory, Syracuse, New York
Laboratory, Edison, New York
On-Site
Laboratory, Syracuse, New York

Main Office, Syracuse, New York

Main Office, Syracuse, New York

Main Office, Syracuse, New York

On-Site

Main Office, Syracuse, New York



TABLE 9

PRIMARY CONTACTS

Name and
Responsibi llty

Dr. James Elder
Regional Resource
Contaminants Assessment
Coordinator

Organization and
Address

U.S. Fish and Wildlife Service
Federal Building, Fort Snelling
Twin Cities, MN 55111

Phone Number

612/725-3536

IMC

I Hi

Mr. Norrell Wallace
Refuge Manager

Dr. Dave Stall ings
Dr. Jim Petty
Quality Control/
Qua 1i ty Assurance

Mr. Dick Ruelle
Illinois
Resource Contaminants
Assessment Coordinator

Contracting and General
Services

Mr. Richard Boice
On-Scene Coordinator

Mr. Bob Cowles
Superfund Coordinator

Mr. Joe Stuart

Illinois EPA Representative

Mr. Mike Carter
Illinois Dept. of
Conservation Representative

U.S. Fish and Wildlife Service 618/997-3344

Crab Orchard National Wildlife Refuge
P.O. Box J
Carterville, IL 62918

Columbia National Fisheries 314/875-5399
Research Laboratory
U.S. Fish and Wildlife Service
Route 1
Columbia, MO 65201

U.S. Fish and Wildlife Service 309/793-5800
1830 Second Avenue
Rock Island, IL 61201

U.S. Fish and Wildlife Service 612/725-3580
Federal Building, Fort Snelling
Twin Cities, MN 55111

U.S. Environmental Protection Agency 312/886-4740

230 South Dearborn Street
Chicago, IL 64604

Illinois Environmental Protection 217/782-6760

Agency
2200 Churchill Road
Springfield, IL 62706

Illinois Environmental Protection 618/997-4371
Agency
2209 West Main
Marion, IL 62959

Regional Fish & Wildlife Manager Office:
Illinois Dept. of Conservation 618/435-8138
R.R. 4, Box 68 Home:
Benton, IL 62812 618/883-5961



TABLE 9

PRIMARY CONTACTS
(Continued)

Name and
Responsibility

Community Relations

Mr. Jim Ross
Community Relations

Dr. Robert L. Flentge
Illinois Dept. of
Public Health Contact

Mr. Les Frank!and
II1inois Oept. of
Conservation

Ms. Carol B. Luly
Community Relations

Ms. Jean Hutton
Office of Solicitor
U.S. Department of Interior

Mr. David M. Taliaferro
Attorney, U.S. EPA

Dr. Cornelius B. Murphy, Jr.
O'Brien & Gere

Mr. John Hanson
Severidge & Diamond

Ms. Ellen Summer
Sangamo Weston, Inc.

Organization and
Address

U.S. Environmental Protection
Agency
230 South Dearborn Street
Chicago, IL 64604

U.S. Fish and Wildlife Service
Federal Building, Fort Snelling
Twin Cities, MN 55111

Illinois Dept. of Public Health
525 West Jefferson
Springfield, IL 62707

Illinois Dept. of Conservation
424 Lincoln Tower Plaza
Springfield, IL 62706

Illinois Environmental Protection
Agency
2009 Mall Street
Collinsvilie, IL 62234

U.S. Department of the Interior
Room 4354
18th & C Streets, N.W.
Washington, D.C. 20240

U.S. Environmental Protection
Agency
230 South Dearborn Street
Chicago, IL 64604

O'Brien & Gere Engineers, Inc.
P.O. Box 4873
1304 Buckley Road
Syracuse, NY 13221

Beveridge & Diamond, P.C.
1333 New Hampshire Ave., N.W.
Washington, D.C. 20036

Sangamo Weston, Inc.
P.O. Box 48400
Atlanta, GA 30362

Phone Number

312/886-643S-

612/725-3519

217/785-2439

217/782-6424

618/345-6220

202/343-5301

312/886-6826

315/451-4700

202/828-0285

404/449-9006



FIGURE 3

PROJECT ORGANIZATION

REMEDIAL INVESTIGATION/FEASIBILITY STUDY
CRAB ORCHARD NATIONAL WILDLIFE REFUGE
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FIGURE 4
LABORATORY ORGANIZATION CHART
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Responsible for establishing a project specific record keeping

system

Project close-out

- . - •

, ); ?.
2.0U Quality Assurancg Manager

\v .,"

The Quality Assurance (QA) Manager is responsible for the

monitoring and supervision of the QA/QC program. The QA Manager

reports directly to the Project Manager and his responsibilities include:

Insure field personnel are both familiar with and adhearing to

proper sampling procedures, field measurements sample

identification and chain-of-custody procedures.

- Contact the laboratory to insure that samples received by

them have been properly identified and packaged.

Maintain a record of performance and system audits and
--^

• f >»/ ' inform the Project Manager of any problems encountered in
f

the analytical procedures.

The QA Manager in conjunction with the Project and

Laboratory Managers will formulate recommendations to correct

any deficiency in the analytical protocol or/data.

2.05 Assistant Project Managers ^
j

The management teamJJbr^this project will draw upon the technical

expertise and experience of a number of different individuals. The

project team will consist of multidisciplined personnel with expertise in

Aerial Photograph interpretation, hydrogeology, geophysical surveys,

chemical characterization, soil science, wet chemistry and risk

assessment.
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SECTION 3 - QUALITY ASSURANCE OBJECTIVES

3.01 Overall Objectives

The general quality assurance objective for analyzed measurement

data is to ensure that environmental monitoring data of known and

acceptable quality are provided.

, For this project, the specific-^ objectives for measurement data iin

? terms of precision, accuracy and compatibility are the same as the

"""" 'ffl objectives established for the Statement of Work for the U.S. EPA

Contract Laboratory Program (CLP), viz.: The purpose of the QA/QC

program is the definition of procedures for the evaluation and

—i documentation of subsampling, analytical methodologies, and the

reduction and reporting of data. The objectives is to provide a uniform
*»i

basis for subsampling, sample handling, instrument condition, methods

control, performance evaluation, and analytical data generation and
mm

reporting." This QAPP for sampling, analysis and data handling is

n» consistent with the requirement set forth by the U.S. Fish and Wildlife

Service, as well as all State and Federal EPA requirements.
Mill1

3^.02 Field QC Objectives and Procedures
i

Field functions such as; magnetometer and electromagnetic terrain

conductivity services are activities which do not include sample

collection, but involve measurements where quality assurance concerns
><»ii

are appropriate. The primary objective in activities such as these is to

obtain reproductable measurements consistent with their intended use.



Section No: 3
Revision No: 1
Date: May 27, 1986
Page 2 of 4

The methods employed in conducting these magnetometer and

electromagnetic terrain conductivity surveys are included as

Attachments 3 and 4.

The objective of sampling procedures is to obtain samples that

represent the environmental matrix being investigated. Trace levels of

contaminants from external sources will be eliminated through the use of

good sampling techniques and proper selection of sampling equipment.

A detailed description of sampling procedures is presented in the
• - - • • - . . . . . v

Site Sampling Plans for Phase I (December 1985) and 'Phase II (April

1986). Source material used in developing the sampling plan included

the following:

Technical Support Documents

0 Samplers and Sampling Procedures for Hazardous Waste

Streams (EPA-600/2-80-180)

0 Test Methods for Evaluating Solid Wastes (EPA SW 846-1980)

0 User's Guide to the EPA Contract Laboratory Program

° EPA Technique Monographs

15 — Purposes and Objectives of Sampling

16 — Water Sampling Methods

17 — Soil and Sediment Sampling Methods

18 — Sampling of Biological Specimens

- 19 — Methods of Collecting Concentrated (Hazardous)

Samples

20 — Container Opening Techniques

22— -Sample Handling, Packaging, and Shipping

Procedures
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The Site Sampling Plans include the following protocols and

documentation.

0 Number of locations to be sampled

0 Sampling procedures to be used at the site

0 Tests to be completed at each sampling location

0 Sampling equipment required at the site

0 Sample containers required at the site

0 Preservation methods to be used at the site for various types

of samples

0 Reagents, etc., required at the site for sample preservation

0 Shipping containers required at the site

0 Chain-of-custody procedures to be used at the site

0 Shipping methods and destinations, marking instructions,

special labels, etc.

3.03 Field QC Audits

Blanks and duplicate samples will be collected as part of our

QA/QC program. Blanks are employed to ensure that neither glassware

nor procedural contamination has occurred. Additionally, they are

utilized to evaluate ambient site conditions which may cause sample

contamination. If positive interferences occur, the Quality Assurance

Manager (QAM) will recommend to the Project Manager that sample

collecting and handling procedures be technically reviewed to eliminate

such sample contamination.
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Duplicate samples are treated throughout as two unique samples.

The results of duplicate analyses provide information on the overall

precision of both the sampling and analytical programs.

The number of duplicate and spikes samples for Phase I and 11

are summarized in Tables 6 and 7 respectively.

3.04 Accuracy, Sensitivity and Precision of Analysis

All samples collected, (soil, water and sediments) will be analyzed

using the Contract Laboratory Program (CLP). Parameters, method

detection limits audit, frequency and central limits are shown in Table
/

10.

p' /
!/

III
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SECTION 4 - SAMPLING PROCEDURES

nimt

Objective
id*

The objective of this Sites Sampling Plan (SSP) is to

document the sampling locations, procedures and practices that will

be used in the Remedial Investigation sampling program to be

"•"* conducted at Crab Orchard National Wildlife.

It is anticipated that the sampling and analysis program at
m«*

Crab Orchard National Wildlife Refuge will be accomplished in two

„« phases.

Phase 1 will be the basis used to determine if a potential

•**' problem (s) exists on a specific site and to characterize the range

of chemical compounds which contribute to the problem. Phase II
Illlll'

will be employed to define the extent of contamination (both

m vertically and laterally) of any site identified during Phase 1 as a

area of concern. The information obtained during Phase II will be

111111 used in evaluating the remedial options.

In general, the analytical effort associated with Phase II will
- 1

be less than that of Phase I, because the results of the initial

( effort will assist in diminishing the total number of sites and

reducing both organic and inorganic constituents of concern.

Types of Samples
«*Hi

Various matrices will be sampled and analyzed as part of the

Remedial Investigation. These include the following:
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1. Waters: including groundwaters, surface streams, raw and

finished water supplies, pond waters and waters from Crab

Orchard Lake.

2. Sediments: from streams, ponds and Crab Orchard Lake.

3. Soils: including soils potentially affected by surface spillage

and fill material from sites of past disposal activity.

4. Air: as part of the site safety program.

5. Biota: including fish, turtles and crayfish.

For the most part, all samples will be obtained as single grab

samples. No time-composited samples are contemplated at this

time. However, at many sites, areal soil composites will be

prepared. Areal composites are used as a screening device to

allow initial assessments of broad areas for a range of

contaminants. Compositing procedures are discussed below.

\

Composting Procedures

Areal composites of water samples (along stretches of streams,

surfaces of ponds or depth composites in Crab Orchard Lake) will

be prepared by combining equal volumes of grab samples at each

location. Individual grab samples for volatile organic analyses will

be retained and labelled in individual headspace-free vials for

compositing by the laboratory.

Areal composites of soil samples will be prepared either in the

field or in the laboratory after refrigerating individual grabs to 0

to 4°C. This will minimize loss of volatile materials. Where soils

are obtained In Lexan co/es, these will be capped and refrigerated

\ o*4or to compositing. r
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General Sampling Locations and Numbers

Sample Locations

j(y / Sampling locations were determined in the field during a site
/}' f X /
ff' reconnaissance visit on March 26-28, 1985. They are presented in

/ the Site Sampling Plan (Dec. 1985). A log book listing the various
'"•*•

samples to be collected will be prepared for use on-site. The log

book will also contain the type of sample and analytical matrix for

each of the samples to be collected. Pre-printed peel-off labels

will be included in the log book for tagging the various containers

to be used for sample collection. The sample team leader will ber r

responsible for determining the exact sampling location and

recording the location in the field sampling notebook. The location

will be described in the log book with a sketch that includes

distances from numbered field reconnaissance stakes and other

landmarks. The rationale of selecting a sampling location will also

be included. All sampling locations will be photographed.

Sample Numbering System

A sample numbering system will be used to identify each

sample taken during the remedial investigation sampling program.

This numbering system will provide a tracking procedure to allow

retrieval of information regarding a particular sample and to assure

that each sample is uniquely numbered. A listing of the sample

identification numbers will be maintained by the sample teiam

leader.
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Sampling Equipment and Sampling Procedures
n

\ Soil Sampling

> Soil samples will be collected from identified spots around the

Refuge and during the installation of additional groundwater

monitoring wells. Samples will be collected in general accordance

with the split spoon sampling procedure (ASTM D1586-67), using

•,
;./

2-inch OD split spoon samplers. v s /{,•#. '-e~~

s**-'-*' '

Croundwater Studies and Sampling

"'Aquifer slug recovery tests will be conducted in all additional

monitoring wells to obtain in situ estimates of hydraulic

""« / 7 conductivity. A minimum of two test runs should be made at each

^ test well.
Mil'

Properly decontaminated equipment will be used in sampling

all groundwater monitoring wells. See the Decontamination

protocols in Attachment 3 of1 the QAPP. Before samples are taken,

each well will be purged until there is a constant conductivity,

(usually about 5 to 10 well volumes). After the well has

recovered, samples for inorganic and organic (excluding volatiles)

analysis can be collected using a peristaltic pump,or) hand bailer.
.- —?* ~

Samples to be analyzed for volatile/ organics will be collected by

bailing. Teflon tubing will be used for the suction and discharge

lines for peristaltic pumps. Hand bailers will be constructed of

stainless steel or Teflon.

/^/- •"•
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• *

Waste Sampling

•— The Area 9 Landfill is the only site of the Refuge where

waste materials are being sampled. All other sites represent
-! !-•

sampling of matrices potentially affected by dispensed

contaminants. There are special safety concerns posed by the
m**

sampling of waste materials at Area 9 because of the possible

««* presence of explosives residues or even undetonated cartridges.

Similar concerns exist at other sampling sites, but sampling
«4Ml

elsewhere is limited to within 1 foot from the surface. Soil borings

at Area 9 will employ split spoon sampling procedures. Drilling
g

personnel will be required to be removed at least 100 ft. from the

"•' drill rig during advancement of the augers. This is further dis-

cussed in the SHSP.
i in

l( Field Blanks

Field Blanks for sediment and soil samples will consist of

analytical grade diatomaceous earth. For water samples, ultrapure

distilled/deionized water will be used. The field blank sample will
<iii

be placed into the appropriate sampling equipment, removed from

the equipment, and then placed into sampling containers.

Duplicate Samples

Duplicate samples are defined as two distinct samples taken
>»twt

from the same location at similar times using identical sampling

equipment that has been decontaminated in a similar manner.
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However, duplicate samples of soil cores will consist of a given

core homogenized, divided equally and submitted for analysis as
/

two distinct samples.

Split Samples

A number of samples will be split with a representative of the

FWS for analysis. Split samples are defined as one distinct sample

that is divided equally and sent to two different laboratories for

analysis. Soils will be field homogenized in a clean aluminum pan

prior to splitting. Water sample splits will be duplicates.

General Decontamination Procedures

Decontamination of personal gear (boots, gloves, and

waders),(sample jars ^hd sampling equipment will be as follows

(see^also attached materials to the SHSP):

1. Wash personal gear or sample containers in a bucket or

tub filled between 50 and 75 percent with a trisodium

phosphate (TSP) solution (2 Ibs of TSP per 10 gallons of

clean water). Completely brush the entire exterior

surface of the article undergoing decontamination. If

PCB's are expected to be present, add 4 Ibs of sodium

bicarbonate per 10 gallons of water to the washing

2. Rinse personal gear or sample containers in a bucket or

tub filled between 50 and 75 percent with clean water.

Completely brush the entire exterior surface of the

article undergoing decontamination.
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• <n«ll

3. Dispose of all wash and rinse water in a properly marked

"•- and sealed container. All such containers of wastewater

will be stored in a secure area on-site and properly
> !«•

disposed of during the remedial action phase.

Sampling Equipment

>«« 1. Wash sampling equipment in a bucket or tub filled between 50

and 75 percent with a TSP solution (2 Ibs of TSP per 10
IMHI

gallons of clean water). Completely brush the entire exterior

surface of the article undergoing decontamination. Wash
i

interior wetted surfaces as required. If PCB's are expected

-»" to be present, add 4 Ibs of sodium bicarbonate to the washing

solution. Drilling equipment, augers and split spoon samplers
' ii, i»

can be decontaminated by steam cleaning using clean water.

2. Rinse only heavily contaminated sampling equipment in a
(••«ll

bucket or tub filled between 50 and 75 percent with a 20

'«*'» percent solution of acetone and water. Completely brush the

entire exterior surface of the article undergoing
lit 11

decontamination. Rinse interior wetted surfaces as required.

If PCB's are present, the first rinse should be carried out
•• IX

with a hexane solution.

3. Following step 2 above, rinse all sampling equipment in a

bucket or tub filled between 50 and 75 percent with distilled
"tMHf

water. Completely brush the entire exterior surface of the

article undergoing decontamination. Rinse interior wetted

surfaces as required.
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Collect all wash and rinse water in a properly marked and

sealed container. Wash and rinse water will be analyzed

relative to its hazardous waste characteristics and disposed of

in accordance with all applicable state and federal regulations.

Drilling soils and water as well as discarded protective

clothing will be treated similarly.

Screening Procedures

It is probable that not all soil samples will/have significant

concentrations of contaminants. To reduce analytical costs, a field
0 XT)

screening procedure may be used in Phase U/of the Rl to reduce

the number of soil samples sent for complete laboratory analysis.

While constituents used for screening may not be the only

contaminants present, they may be used as an indicator of

contamination. If they are present in a sample in concentrations

exceeding the positive response criteria established in the Work

Plan, the interpretation that other contaminants may also be

present will be made and the sample will be sent to the laboratory

for analysis of constituents established in the Work Plan (June

"». I

Documentation

Site Location Procedure

Following sampling location identification, a wood stake

(approximately 2" X 2" X 24") will be driven into the ground,

allowing approximately 8 to 10 inches of the stake to remain visible

above ground. The top portion of the stake will be painted

orange and labeled for identification. The label will contain sample
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««*i

number and sample type. The location of each stake will be

«-* recorded. Sample locations will eventually be surveyed and tied

into the site grid system.
«UM<

Photographs
UhMil'

Photographs (35mm, color slides) will be taken to illustrate

.-.I- sampling locations. Photographs will show the surrounding area

and reference objects which help to locate sampling sites. The
«M*I

picture number and roll number (if more than one roll of film is

used) will be logged in the field notebook to identify which
II .Ml >

sampling site is depicted in the photograph. The film roll number

"'"«' will be identified by taking a photograph of an informational sign

on the first frame of the roll. This sign would have the job and
i in

film roll number written on it to identify the pictures contained on

the roll.
•Ill 11!

' •* Field Notebooks

Field notebooks will provide the means of recording data on
H in

collecting activities performed at a site. As such, entries will be

described in as much detail as possible so that anyone going to the

site could reconstruct a particular situation without reliance on

memory.

Field notebooks will be bound. Notebooks will be assigned to

field personnel, but will be stored in the document control center

when not in use. Each notebook will be identified by the
njiiwir '

project-specific document number.
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IN*

The cover of each notebook will contain:

(1- Person or Organization to whom the book is assigned.

Book Number

l""i Project Name

Start Date
'•DM'

End Date

,.«,. Entries into the notebook will contain a variety of information.

At the beginning of each entry, the date, start time, weather, all

** field personnel present, level of personal protection being used

onsite, and the signature of the person making the entry will be
•«*' ,

entered. The names of visitors to the site, all field sampling team

,nn personnel and the purpose of their visit will be recorded in the

field notebook.
in

All measurements made and samples collected will be recorded.

All entries will be made in ink with no erasures allowed. If an
n»

incorrect entry is made, it will be crossed out with a single strike

„ mark. Wherever a sample is collected or a measurement is made, a

detailed description of the location of the station, which includes

i 'i
compass and distance measurements, shall be recorded. The film

roll number and number of photographs taken of the station will
WHI

also be noted. All equipment used to make measurements will be

t identified, along with the date of calibration.

Samples will be collected following the procedures documented

in this plan. The equipment used to collect samples will be noted,

along with the time of sampling, sample description, depth at
Ml*

which the sample was collected, volume and number of containers.
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In addition, the cooler number into which the sample is placed in

the field will be recorded. Sample numbers will be assigned prior

to going onsite. Duplicates, which will receive an entirely

separate sample number, will be noted under sample description.

Significant field notebook entries (samples collected, significant

observations) shall be countersigned by another member of the

project team.

Control of Contaminated Sampling Materials

Disposable sampling and safety equipment and excess samples

may be generated during sampling operations. These materials will

be placed in 55-gallon drums (separate drums for solids,

decontamination liquids, debris, and disposable equipment].

Decontamination liquids should also be separated based on those

containing solvents (acetone, hexane, etc.) and those containing

only detergents (TSP, etc.). The drums will be sealed, labelled

and properly stored in a secure area for proper, legal disposal

during the remedial action phase. Bailed well water and con-

taminated drilling spoils will be drummed for proper storage in a

secure area.

Sample Contro[

Serialized sample tags will be used to label each sample for

analysis. Chain-of-custody records will be completed for all

samples according to EPA requirements and procedures set forth in
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NEIC Policies and Procedures EPA-330-19-78-001R, Custody seals

will be placed on all shipping coolers containing samples.

Sample Containers and Sample Preservation /'

Required sample containers, filling instructions and

preservation procedures are listed in Table 1 of Attachment 1 of

this SSP. The collected samples will be kept out of direct sunlight

and, after decontamination and labeling, will be placed in coolers

for shipment to the analytical laboratory.

Sample Shipping •>"' --"?'-:-

Samples will be packed and labelled according to DOT

regulations and protocols appearing in Attachment 1 of this SSP.

Samples will be shipped via a 24 hour delivery service to the

analytical laboratory so that the samples can be extracted within

allowable time limits (See QAPP).
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SECTION 5 - SAMPLE CUSTODY

5.01 General

Sample custody procedures for this project will be in strict

conformance with the procedures detailed in NEIC Policies and
HI***

Procedures (EPA-3309-78-001-R). These procedures were established to

»•» comply with EPA requirements for sample control. They are documented

in Attachment 4 to this QAPP.
•4

All samples collected for analysis will be taken by chemists,

physical science technicians, or other qualified personnel designated by

O'Brien & Cere with specific instructions from the Project Manager.

M» The FWS will take duplicate samples at a ratio of 1:10 for QA/QC

purposes. All samples for residue analysis will be placed in the
•HI*

custody of the analytical chemist responsible for the analysis. The

sample information will be recorded on the same report sheets if
hi

analyzed immediately. Stored sample (including archive portions) will

*i be catalogued and stored may be audited by the QA Officer.

Subsequent to approval of the conceptual design (Task 15), these
i»

archived samples will be returned to CONWR for disposal consistent with

the remedial action plan.

> 5.02 Chain of Custody Procedures

The consequences of an uncontrolled hazardous waste site

investigation are difficult to predict. There is a possibility that several

years after the RI/FS is complete there will be litigation. For that

reason, it is imperative that an accurate record be maintained and

documented of sample collection, transport, analysis and disposal.
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>I»M

Therefore, chain of custody procedures are instituted and followed

... throughout the study.

Chain of custody procedures include field custody, laboratory

custody, and evidence files. Samples are physical evidence and should

be handled according to procedural safeguards. The project
KM'

coordinator must be prepared to produce documentation that traces the

it,, samples from the field to the laboratory and through the analysis. The

National Enforcement Investigation Center (NEIC) of the U.S. EPA

defines custody of evidence in the following ways:

In actual physical possession
mi

In view after being in physical possession

< i , i - In a locked repository

In a secure, restricted area

nlM
Chain of custody records begin in the field when sample collection

has been completed. See Figure "Chain of Custody Form" for a typical
mi

arrangement of the paper samplers use to complete their field logs. On

* that form, they note meteorological data, equipment employed during

collection, evacuation techniques and any calculations, physical

characteristics of samples, date, time of day and location, any

abnormalities during sampling.
,». i

The sampler completes the custody form, packages the samples

„.,,» including the custody form, and seals the package with evidence tape.

Shipment may be made by commercial vendors, and their policy is to

**"' document the transfer of the package within their organization.

Therefore, when the sample arrives at the laboratory, the sample
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•Mil

custodian signs the vendors air bill or bill of lading. The sample

"»— custodian's duties and responsibilities upon sample receipt are:

Document receipt of samples.
'IMIII

Inspect sample shipping containers for presence or absence of

custody seals, locks, evidence tape, container integrity.

Record condition of shipping and sample containers in logs.

•-'• . - Sign appropriate forms or documents.

Verify and record agreement or disagreement of information
<.«•.!'

on sample documents. If there is discrepancy, record the

problem and notify the project officer.•••I'

Label sample with laboratory sample number.

11111 - Place samples in storage, including secure storage, if

appropriate.
ii

The hand-to-hand custody of samples in the laboratory is

maintained through preparation and analysis. The analyst is required

to log samples into and from secure storage as the analysis proceeds.

1 Samples are returned to secure storage at the close of business. Log

sheets incorporate options for multiple entries, because several people
i

handle the samples throughout the analytical scheme. See Figure,

"Chain of Custody Form for Analysis."

The laboratory records may also be used as evidence in

enforcement proceedings, therefore care must be exercised to properly

complete, date and sign items needed to generate data. Copies of the
«i»ii*i

following items are stored:

Documentation of the preparation and analysis of samples,

including copies of the analyst's notebooks.
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Bench sheets, graphs, computer printouts, chromatographic

outputs, mass spectral outputs.

Copies of all QA/QC data.

Instrument logs showing date, time and analyst.

Analytical tracking forms which record date, time, and

analyst for each step of sample preparation and analysis.

Upon completion of analysis, the project officer or his assignee

should commence assimilating all the field and laboratory notes. It is

they who generate the evidence file for the project. The package is

arranged in chronological order for ease of review. When all the

information is gathered, the package is inventoried, numbered and

stored for future reference. The document inventory list is illustrated

in the following Table:

DOCUMENT CONTROL NO. OF
NUMBER TYPE PACES

1111-1 Project file inventory sheets 1
1111-2 Field notes 30
1111-3 Chain-of-custody records 7
1111-4 Shipping manifests 27
1111-5 Sample log-in sheets 40
1111-6 Sample control records 40
1111-7 Sample tickets 500
1111-8 Sample traffic reports 127
1111-9 Analytical traffic reports 127
1111-10 Analytical data summary 10
1111-11 Sample #2 20
1111-12 Sample #3 20
1111-62 Sample #50 20
1111-63 Lab notebook pages 37
1111-64 Bench sheets 50
1111-65 Instrument log pages 13
1111-66 Copies of mass spectral data, 43

graphs, chromatograms
1111-67 Related correspondence 4
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SECTION 6 - EQUIPMENT CALIBRATION

•••m

6.01 Calibration Procedures
• 'i»i

Equipment Calibration, References and Frequency

All field equipment used during this project will be calibrated

and operated in accordance with manufacturer's instructions. Any

•""* field equipment used during this project that is not covered by the

investigator's standard operating procedures will have a specific

calibration and operation instruction sheet prepared for it.

A. General.•» ————

Standards may be generally grouped into two

"'"• classifications: primary and secondary. Primary standards

include DSP and NE drugs, NBS and ASTM materials, and
|M

certain designated EPA reference materials. All other

§ standards are to be considered secondary.

*' B. Testing

1. Primary: No testing is necessary. Do not use if there is

* any physical indication of contamination or decomposition

(i.e. partially discolored, etc.).

2. Secondary: Examine when first received either by

••-' comparison to an existing primary, or comparing known

physical properties to literature values. The less stabile

standards will be rechecked at appropriate intervals,

usually six months to one year.
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C. Records

1. A records book will be maintained for each grouping of

standards (i.e. pesticides, metals, etc.)

2. The record kept for each standard will include:

a. Name and date received

b. Source

c. Code or lot number

d. Purity

e. Testing data including all raw work and calculations

f. Special storage requirements

g. Storage location

3. These records will be checked periodically as part of the

Laboratory Controls Review.

Equipment

A. General

1 . Each major piece of analytical laboratory instrumentation

used on this project is documented and on file with the

analytical laboratory.

2. A form is prepared for each new purchase and old forms

will be discarded when the instrument is replaced.
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B. Testing

1 . Each form details both preventative maintenance activities

and the required QA testing and monitoring.

2. In the event the instrument does not perform within the

limits specified on the monitoring form, the Laboratory

Manager will be notified and a decision made as to what

action to take.

3. If repair is deemed necessary, an "out of order" sign

will be placed in the instrument until repairs are

effected.

6.02 Calibration Records

A bound notebook will be kept with each instrument, requiring

calibration, to record all activities associated with a maintained, QA

monitoring and repairs program. Additionally, these records will be

checked during periodic equipment review.
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flioMt

SECTION 7 - ANALYTICAL PROCEDURES

• >•<•

7.01 Laboratory Analytical Procedures
•iwitf

The analysis and methods detection limits for standard CLP

procedures are given in Table 10 (see Section 3.04).

The methods associated with:

""* - Volatile organics in water

Volatile organic screens in soil and sediment
• lid*

Semi-volatile FID scans of water and soil samples

I|P—I - Organo chlorine pesticides and PCBs in water and soil samples

are attached to the end of this section.

•"* Additionally, the laboratory analyzed a variety of matrices for a

number of different environmental constituents of concern. Therefore,
4 HI

several documents are referenced which include the procedures

M( employed. The following list itemizes the most widely used documents.

1. Standard Methods for the Examination of Water and Wastewater

1 2. Methods for Chemical Analysis of Water and Wastewater

3. ASTM Annual Book of Standards
ii

4. Code of Federal Regulations

5. NIOSH Manual of Analytical Methods

6. Test Methods for Evaluating Soil Waste, Physical/Chemical

Methods

When analyzing samples by the above standardized methods, the
IriHV

accuracy or precision of the data generated by the laboratory is

„.,.. determined through analysis of replicates, spiked samples, synthetic



Table 10 Page \_ of 3_6
(WLYTICflL METHOD: WflTER

ftCID EXTNftCTflBLES

CHEMICflL OJIPOLND

2, A,Ei-i:;rich][op:ip|-er

2, 'i-clich Ion:: phenol
2,4-diii'iethvLpliE'nol

2, 'rcli:'iitri:'|::lu^iol
2-c:hlO:''opln;'ro ,
2-f liioropiiiEro;

2-nitropherc I

4-fiitrophern:: I

ftcid EutrM

pent af ilucfo phi J

Mi: 1 HOD 1

(CIO

604
604
604
604
604
60 1
604
60''
604
60'

60'
604
6(1'

DETECTION
LIMIT 1

ppb

10
10
10
50
10
10
20
20
10
50

50
£0
10

METHOD 2

(GC/MS)

625
625
625
625
625
625
625
625
625
625

625
6£5
625

DETECTION
LIMIT 2

ppb

10
10
10
50
10
10
£0
£0
10
50

50
£0
10

METHOD 3

(CLP)

Wfl 85-177
Wfl 85-177
Wfl 85-177
m 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177

Wfl 85-177
Wfl 85-177
Wfl 65-177

DETECTION
LIMIT 3 fiUDlT FREQUENCY

ppb
SEE BELOW SEE BELOW

10
10
10
50
10
10
50
10
10
50

50
50
10

CONTROL.

SEE BELOU

Revised !'la,> 8b



Table 10 Page 2 of 36

CHMCftl. COMPOUND

l,(;,'H.i"ii:hloirc>bE'iziirii;'
l^-dithlorot'iEriZE'W
l,2-i:li|.iheriylliyciraziiie
IjiJ-dichlorcc'eriZE'rie
l^-dichlorobeTiZE'fie
2,'t-diiiitrc tohieri:*
2,6-dinitrctohieri:!
S-chLoroniiifihthilene
3,3-i:li('hlittti'jEi>zidi IE
4-broi»iphi?riyl phetnyl Hither
A-chlovopliETiy'] phEsn/l Ethfjr
acenapTifch-iltiTK'
acenaptith-JtH?
anthracene
Base/Ni..'ut"ii] Errtjen
benzidine
benzo(1:i)a

iiUii"jrei'i6
benzijdil'pi'rEiriE
benzolbJf l.uor'i.nthen?
berizo(y,h| j Iptrylen;
benzo(!'<)f Uiorcinthen?
bis (2-i Iil:>rof>1li0)(y) nethani?
bh(ii-''hl;»'0!!lhyj) ;t!)Er
biEidEl-nhloroiii'jpropyl i ether
bij;(2-t'thy Hi i?:i,'H phi; ha) at?
butyl berzyl inthahit'-'
chrysene
di-rrb'.ityl irthal.E.te
di--n-octyl (:Jv;rialati.>
dil)enzL:i(a,ri)inlhfacerit'

METHOD 1

iiji:)

&i,.j
60:?

-

602
60;;
609
bO'3
61,2
605
611
611
610
610
610

605
610
610
610
610
610
61.1
61.1
611
&<)£
6()£
6 1C
60f
60 £.
610

flNfli.YTICfiL METHOD: WflTER
BftSi./NEUTRftLS

DETECTION DETECTION
LIMIT 1 METHOD Z LIMIT £ METHOD 3

ppb

10
10
-

10
10
10
10
10
50
10
10
10
10
10

50
10
10
10
eo
10
10
10
10
10
10
10
10
10
£0

(GC/MS)

625
625
6£5
625
625
625
625
625
625
625
625
625
625
625

625
625
625
625
625
625
625
625
625
625
625
625
625
625
625

ppb

10
10
20
10
10
10
10
10
50
10
10
10
10
10

50
10
10
10
20
10
10
10
10
10
10
10
10
10
20

(CLP)

Ufl
Wft
MA
Wft
Ufl
Wfl
Ufl
Wf)
UP
Uft
Uft
WO
Wf)
UH

Wfl
WO
Wfl
Utt
Wft
Wil
WR
Wfl
Wfl
Wfl
Wfl
Ufl
MA
Wfl
Wfl

85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-17"'
85-17^'
85-1 Tl

85-177
85-177
85-177
85-177
85-177
85-177
85-17 1
85-177
85-177
85-177
85-17?
85-177
85-177
85-177
85-177

DETECTION
LIMIT 3

ppb

10
10
10
10
10
10
10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

AUDIT FREQUENCY CONTROL UNIT'S

SEE IJELOW SEE BELOW SEE BELOW
(> II It

II II II

II II u

il II li

II U II

il II II

II II II

1 U II

1 II II

U II II

1 II II

1 II II

1) II 11

II II 11

II U It

II II II

II 11 U

U II II

U II ti

II il II

II II U

II II II

U U II

II II II

U II II

II II 11

II II II

II II II

II II II

N II II

Revised £3 f'lav 8!-,



OH011 CM. CIJHPIMD

diethyl phthiilite
dinetl'iyl iitrthalati?

hexad'jlordtenzE'ne
hexadi]or<itijl;a[ iene

hexadik'rocyKlcpenti.dieie
hexartik'roetliare
inclenoil,£!rH:,d)|]yi ere

iso pi worn:

N-riitrci<:wli--n-fi"0|]y!
ii: rte

Bi: ns.

naphthalene

ME f HOD 1

fclO

bli!
£,10
f>0'J
£.0','
£,0/
£>0/
£>!')
£.0'}
£,10

Table 10 Page 3 of 36
flNftLYTICflL METHOD: WflTER

BflSI /NEUTRflLS

pyrene

DETECTION
L I M I T 1

10
10
10
10
10
10
10
10
£0
10
20
50
£0
10
10
10
10

METHOD 2

625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625

DETECTION
L I M I T 2

10
10
10
10
10
10
10
10
20
10
20
50
20
10
10
10
10

METHOD 3

Wfl 85-177
Wfl 85-177
Wfl 85-177
Wft 85-177
Ufl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177

DETECTION
L I M I T 3

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

flUIHT FREQUENCY

1 n

n II

1 II

IP U

1 U

II II

1 II

It 1)

t II

II U

) II

II II

II 11

II >l

I. U

II II

11 II

Rev i sec 211 I'.sy 86



Table 10 Page 4 of 36

CHEMICflL IMPOUND

tetriHUD
tetra-lBF
p e n t a - C D D
pent,i-CI]f

hexa-CM}

hex a-€lf

heptdr-C I)D

hepta-l.lJF
octa-CIiD

octa-cur

flNft-YTlCAL METHOD: WfiTER

DETECTION
METHOD 1 LIMIT 1 METHOD £

ppb

SEE NOTE 9
SEE NOTE 9
SEE NOTE 9
SEE NOTE 9
SEE NOTE 9
SEE NOTE 9
SEE NOTE 9
SEE NOTE 9
SEE NOTE 9
SEE NOTE 9

DMINS/FURflNS

DETECTION DETECTION
LIMIT £ METHOD 3 LIMIT 3 fiUDIT FREQUENCY UJNTRQL LIMITS

ppt ppb
SEE EiELOW SEE BELOW SEE BELOW

£ '
p t> u ii

O i ii u

£
O n It it

£ "
£0
20
£0
£00

NOT! 9 • [ E l e r i s i n a t i c m oil Par t-5-per- Tr i l l ion levels of poly chlorinated Dibenzolfuran and d iox ins in environmental samples, Smith „, H. ,
n J . C . , flralytic Chenistry 19B4, 56, 1830-1842, September 1984.

Revisej ?!i



QJHEOUHD

4, 4 ' -DUO
4, 4' HIM
4,4H!)Ii'[
aldrin
fired 01- Id Hi
flroclor
flroclor
Oroclor
flroclor
flroclor
fire-dor
ch lord ere
dielilrirt
endosulran '.[
endosulfari '.l\

1<I60

enclmri
endrin aldehydE
endnn l<eyti:ne

hep tad' .lot1

heptad'loi1 i;|)o> id'?
net ho it) ch!' or
toxapht ne
fl-BHC
T-BHC (liniliiriEl

lable 10 Page 5 of 36

ftNALYTICflL METHOD: WflTER

PESTIClDES/PCBs

METHOD 1

(I.JC)

f,0i:l

£>OlJ
601:1

IM
ton
£>OIJ
601:1

601}
6011
60H
601}
60l:l

60U
ton
601:1

E.OB
60U
60U
601:1

601:1

601,1
601:1

601)
601 1
60ll
60l:»

DETECTION
LIMIT 1

ppb

0.1
0.1
0.1
.05
.5
.5
.5
.5
.5

1
1
.5

1
.05

1
1
1
1
1
.05
.05
.5

1
.05
.05
.05

METHOD 2

(GC/MS)

625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625

DETECTION
L I M I T 2

ppb

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

METHOD 3

(CLP)

Wfl 85-17?
UP 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-17?
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177

DETECTION
L I M I T 3

ppb

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

flUDJT FREQUENCY

SEE HELOW SEE BELOW
J, U

L II

1 U

1 It

1 II

1. »

1 II

1 II

1 U

I) U

1 U

II II

1 II
II U

(i U

II II
1

II II

1 II

II II
l > I I

II U

II II

II II

„
I I I I

SEE BELOW

Rev i sec 2(1 Hiiy 66



CHEI'llCfll. DJM^OUND

1,1, l-trichlwcetliane
1, l,£|.c'-tiiti"i)ch loroi'thane
1, l|i:'-trich[oi"cetliaiii?

l,2-d:LchkropC'pariie
2-broi«i~l"Ch kro
2-butaronii'
2-ch]ii<oe';|-( U] nyl i it her
2-heKi-mone

acetorM

browofuru

c-1,3-i.l ;ioi)c;ii
carbon l;etratf, ,on,d;

ChlorOlMjnZIMlH

chloroi>1;h;iiic
ch 1 or o I"oni

ethyl c»erz i ( re

aethylene d'lorkie

Table 10 Page 6 of 36

flNflLYTlCflL METHOD: WflTER
VOLflTILES

onprnpera:
:KI|; lent;

ME 1 HOD 1

IBC)

601
601
601
601
601
601
601
602
601
602
602
601
602
601
601
601
601
601
601
6C2
601
601
6(1
601
601
60c'
601
6(1]
601
fid:

DETECTION
LIMIT 1

ppb

10
10
10
10
10
1
1
1
10
10
1
1
1
10
1
10
1
1
1
1
1
1
1

METHOD 2

(GC/MS)

624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624
624

DETECTION
LIMIT 2

PPb

10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
50
10
10
10
50
10
50
10
10
10
10
10
10
10

METHOD 3

(CLP)

Wfl 85-177
Wft 85-17̂
Wfl 85-177
Wft 85-17 ;
Wfl 85-17;
Wft 85-17",
Wfl 85-177
Wfl 85-177
Wft 85-177
Wft 85-177
Wfl 85-177
Wfl 65-17;'
Wfl 85-17;'
Wtt 85-17''
Wfl 85-17'
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
M 85-177
Wfl 85-177
Wfl 85-177
Wft 85-177

DETECTION
LIMIT 3

ppb

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

ftUDlT FREQUENCY

SEE EIELOW SEE; BELOW
i I,
„
n n
„
,i
ii

»
"

„
,
I U

•J 11

ll II

U II

U II

U

II U

U II

II 11

II II

II II
If II

U II

II II

II I.
II 11

}) II

II II

II II

11 II

SEE BELOW

Revised i:8 !'la/ 8fi



Table 10 Page 7 of 36
fWOTICfiL METHOD: WflTER

VOLOTILES

CHDIICftL i:OMFOUND

to] at; IE
total >yl f>r i i2! i
tricMc'i"o<!tlii;nE

vinyl dcelati!
vinyl chloride

METHOD 1

601
60 li
601

601

DETECTION
LIMIT 1

1
1
1
1

1

METHOD 2

624
624
624
624
624
624

DETECTION
LIMIT 2

10
10
10
10
10
10

METHOD 3

Wfl 85-177
Wfl 85-177
WR 85-177
Wft 85-177
Ufl 85-177
Mft 85-177

DETECTION
LIMIT 3

10
10
10
10
10
10

AUDIT

I

I

t

II

li

11

FREQUENCY CONTROL LIMITS,

Rev iseii 2:> May 81i



CHEMDBL

ammonia ni t r 'c igsn

cyanide
nitrate t rn. t r i te as N
nitrate nitrogen
percent solids

PH
specific: conclu:tana

total kjeJdiihl ni1;rcqen
total cr'ganu:: zarlior
total crgan:ic nal: idts

total pti

METHOD 1

Table 10 Page 8 of 36
ONflLYTICflL METHOD: yflTER

WET CHEMISTRY

DETECTION
LIMIT 1 METHOD 2

DETEC riON DETECTION
LIMIT 2 METHOD 3 LIMIT 3 ftUDIT FREQUENCY CONTROL LIMITS

ppb

3bO. 1
33':J.2
35:s.i
ib'i'i. 1
160.3
150. 1
12v). 1
35.1.2
41!i. 1
A5D. 1
36!:i, 4

10
50
10
10
0.1
0.1
0.1
100
1000
10
10

ppb ppb
SEE EELOW SEE BELOW SEE BELOW

* - Methods llelerance: illH-fi(iO/4-''9-020' "Methods for Chemical flnalysis of Water and Waste Waters"

Revi!=.e:l 2» Mil" fll;



Table 10 Page 9 of 36

CHOIICfll. COMPOUND

alunuvitH
ant iimry
arseruc
barium
beryl l.iun
caecum

calcuif
chro»u:»
cobalt
ropp&r

iron
lead
oiagiiEisiun

manganese
mercury (fold ^aporl
nolytdermii

nickel
pOta;;,':;]IJJB

se 1 en Him
51 1 W

SOCl 11.1(11

tin
titan in ni
vanadium
zinc

METHOD 1

Jr

so;;, i
£04. 1
£0b. 2
£01). 1
£li), 1
£1,3,2
£l!:i, 1

£lii 1
£!':), 1

£20, 1
£3ii, 1
£3'i 1
£4li, 1

£4,J, 1
£415. 1
£46, 1
£«, 1
£5,i, 1
£7'), £
27.M
27 1,1
28 M
28:3,1
28 B.I
283,1

DETECTION
LIMIT 1

ppb

100
100
1
100
10
10
50
10
50
10
10
10
10
10
0.5
100
10
10
1
10
10
500
1000
1000
10

METHOD

ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
M
ICP
ICP
Aft
ICP
ICP
ICP
ICP
ICP
ICP
ICP

flNflLYTICftL METHOD: WflTER
METftLS

DETECTION DETECTION
2 LIMI1 £ METHOD 3 LIMIT 3 flUDJT FREQUENCY CONTROL LIMITS

ppb ppb
SEE iiELOW SEC BELOW SEE BELOW

50
100
100 '
5 "
5 i i, „

5
1000
10
40
10
£00
100
1000
10
.1 "
30
£0
1000
£00
10
1000
100
10
10
10

* - HeUiodj ft. fl. by direct, aspiration or ft. ft. furnace, EPfl-600/4-79-220 "Method for Chemical flriaJysii; of Water and Wast? Water"

Rev is Hi 2il Mil)



Table 10 Page 10 of 36
fWOTICftL METHOD: SOIL/SEDIHINT

ftCID EKTRflCTflBLES

C!iEHIi:flL CUMl'DUND

'ii, 4, b-triichl Dr'Ofheno]

*i,4-rfjf.iil.onj|jl-ie-iOl
c!,4-di methyl iiheiol
c't 4~clifii tropl;i:?tto)

i"chloro;jhew.!
2-fluoro|the'Ki!

2-Bethj'l- ' i j i r-ci ir : tr'jplierwl
2-nitro|3> end
4-chl oro- J'-iiei; hy 1 phi?n< 1 1

4-nitropherail

fit: id Extractat j lB Screen
pf'ntacrilorofJinrol

pe'iitaf liioi'iaphii'roi
phenol

METHOD 1

(&:i

604
604
604

604

604
604

604

604
604
604

t.04
604
604

DETECTION DETECTION
LIMIT 1 METHOD 2 LIMIT 2 METHOD 3

ppb

330
330
330
1650

330
330
660

660
330
1650

1650
660

330

(GC/MS)

625
625
625

625

625
625

625
625
625

625

625
625

625

ppb

330
330
330
1650

330
530
660

660
330
1650

1650
660
330

CLP

Wfl 85-177

Wfl 85-177
Wfl 85-177

Wfl 85-177

Wfl 85-177
Wfl 85-177

Wfl 85-177

Wfl 65-177
Wfl 85-177

Wfl 85-177

Wfl 85-177
Wfl 85-177

Wft 85-177

DETECTION
LIMIT 3

ppb

330

••30
330
1600

330
330

liiOO
3,50
330
1600

1EOO
1600

,530

flUDJT FREQUENCY C

SEE BELOW SEE 1IELOW £
i.
II li

H II

U U

11 II

II II

(1 U

U II

II II

M a

ii ii

H 11

U tl

II II

BELOW

Revised 23 'lay i:li



Jable 1(1 Page H. of 36
ANALYTICAL ICTHOD: SOIL/SEDIMENT

BASC/NEUTRALS

CHEMICAL [,:IM>OIIND

l,£,;i-vrii::h] orobEpnzpnf!

IjE'-dirhlordlH'iizt'ne

1,2-diphertj'ltiyilrflzi'ie

1,3-dii hl:)r(il)i'iizi?rie

1, ̂ -dii'liloi'uhciizcTie
2, 4-diMitnila jeiii?

2, fc-diiiitrnto! jeiie

S-chIor''an<i|il'i1:liili:ne
3,3-dii.'liL:>ii(>b(!iiz:idi'ie

4-broB'.iphi;nyl jhEnyl ethE-r

4-chlo 'ophiiny! phen/1 t'ther

acenapnthij Hiiro!

acEincipnthi?™

anthracene

Ba&e/NiijijtriiJ iicrken

benzidir*

benzo(.:i>aiv;hra:eire
berizo(:s)pyri:ini!

benzololf liioraitl-ene

benzolij,^ i lpi '^ylerie

berizrjUOf koiMitl-eriE!

bis(ci-ctiluf-cei;io.>y)»e-thariB

bislci-ohloxeny!) etlw
bisiiil-chlcroi ;opi"ofy]) Etthir
biiiliHitt/LhExyDpt- thai ate
butyl l:ieriZ|'l ]hthaKit;E)
chry&eriB
di--ri-ti.it> IphhaldtE
di-n--c::t)l phthai .ate
dilMii'izolf, ' i larthr'acer.f?

METHOD 1

(GO

612
60 £
-

60 £
60 £
6CS
60S
61£
6(:5

611
fill
6:i(
61 C
61 C

6l t
6H
6:K
6K
61 C'
6:1 C
611
6.11
611
606.
6,0£,
6!, 0
6':K>
6M(t

6.iO

DETECTION DETECTION
LIMIT 1 METHOD 2 LIMI f 2 METHOD 3

ppb

330
330
-

330
330
330
330
330
1650
330
330
330
330
330

1650
330
330
330
660
330
330
330
330
330
330
330
330
330
660

(GC/MS)

625
625
625
625
625
625
625
625
625
625
625
625
625
625

625
625
625
625
625
625
625
625
625
625
625
625
625
625
625

ppb

330
330
660
330
330
330
330
330
1650
330
330
330
330
330

1650
330
330
330
660
330
330
330
330
330
330
330
330
330
660

(CLP)

WA
UA
UP
UP
WA
WA
UA
UA
WA
UA
UA
UP
UP
UP

UP
UA
UP
UP
UP
UA
WA
UP
UP
UP
WP
UA
UP
UP
UA

85-17'
85-177
85-17'
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177

85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177
85-177

DETECTION
LIMIT 3

ppb

330
330
330
330
330
330
330
330
330
330
330
330
330
330

330
330
330
330
330
330
330
330
330
330
330
330
330
330
330

AUDIT FREQUENCY CONTROL U

SEE BELOW SEE BELOW SEE BtLOW
U II 11

U II II

U II II

U U II

II U II

II II II

U II II

II II II

II 11 II

II II II

II II 11

II U il

II U II

II II II

U II II

11 II II

1, II .1
II II 11

I,
II II II

II II II

U II II

II II II

II II II

II 11 II

II II II

1 II II

II 11 II

II II 11

1. II II

ReviseJ 'c'B I'la^ fib



Tabje 10 Page 12 of 36

diethyl pM'ialate
diuethy 1 p
fluorarliheni?

hex ddi 1 orC'C /c 1 : pent i d :i mu
hexi3c:(ilorciel;hare

indent* ( !;,£!, !S-c,d)|)yre)'ie

i •-(!•-[: ropy] <iiii:n(;

hylaHi; ne
N-nitrcsodipheryliUn: ne
napnthi

flNflLYTICAL METHOD: SOIL/SEDIMEnT
BflSE/NEUTRftLS

METHOD 1

60̂ !,
eoi',
£.Ki
61D
ti.;>
61 r!
6 Li:!

61 i:!

611)
60':)

60','
£.07
£,OV
£.H)
£,0:1

61D
6lii

DETECTION
LIMIT 1

330
330
330
330
330
330
330
330
660
330
660
1650
660
330
330
330
330

METHOD £

6£5
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625

DETECTION
LIMIT 2

330
330
330
330
330
330
330
330
660
330
660
1650
660
330
330
330
330

METHOD 3

Wfl 85-177
Wft 85-177
Wfl 85-177
Ufl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 65-177
Wfl 65-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 85-177
Wfl 65-177
Wfl 85-177

DETECTION
LIMITS flUDIT FREQUENCY CONTROL L1MI fS

330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330

Revised &:i N.=iy
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ONflLYTICAL MCTHOD: SOIL/SEDIrOT

DIOXINS/FLJRflNS

METHOD 1
DETECTION
LIMIT 1 METHOD 2

DETECTION
LIMIf 2 METHOD 3

DErECTION
LIMIT 3

ppb ppt

SEE NOTE 5
SEE NOTE 5
SEE NOTE 5
SEE NOTE 5
SEE NOTE 5
SEE NOTE 5
SEE NOTE 5
SEE NOTE 5
SEE NOTE 5
SEE NOTE 5

£0
20
20
20
£0
20
200
200
200
200

ppb

CHEMICAL COH'OIJND

tetra-i;i)D
tetr,3-i.:]JF

penta-'iDD

perita-iiDF

hena-C!.)!)
hexa-CJF
hepta->:»D
hepti-.:DF
octa-C.!)])
octa-Cnf

NOTE 5 Refi!i"i>ii<:e Coluntia Natioral Fislieries Research lab procedure copy in original scopu of services.

ftUDIT FREQUENCY CONTROt. LIMITS

SEE BELOW SEE BELOW SEE EH: LOW

Revisei.:: flip
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CHEJI4)Cffl. LlJflPOUNil) METHOD 1 LIMIT 1 METHOD 2 LIMI1 £ METHOD 3 LIMIT 3 ftUDIT FREQUENCY CONTROL LIMIT':

flNflLYTICflL MtTHOD: SOIL/SEDIMENT

DETECTION
METHOD 1 LIMIT 1 METHOD 2

ppb

SEE NOTE 6
SEE NOTE 6
SEE NOTE 6
SEE NOTE 6
SEE NOTE 6
SEE NOTE 6
SEE NOTE 6
SEE NOTE 6
SEE NOTE 6

EXPLOSIVES

DETEl.TION DETECTION
LIMIT £ METHOD 3 LIMIT 3 flUDIT FREQUENCY

ppb ppb

500
500
500
500
500
500
500
500
500

1.3 Ml
1.3.5 "NB
2.4 Olf

2.4.6 "'NT

2,6 W
HMX

NB
RDX
tetryl

N01E & - Jiill'ftliWi Method St. Cyclotrimethylenetrinitriteamine (RDX) in soil and sediment staples, 12/8/flO.

vusEd i'& Hay



CHein::fli. [I

alumni ui

ant i unit i y

arsenic

bar mia

b e r y l l i u m
caclm.iijDi

calciuti

chromium
cobali;

copper

iron

lead

mangiirif se

nemiry 'cc lij

nickel
potass; uu
selenium
silver
sod un«
tin
titanii «i

Table 10 Page 15 of 36

WlflLYTICflL METHOD: SOIL/SEDIMENT

METftLS

METHOD 1

t

eo,M
20*. 1
206, a
203,1
210,1
2i:5,£
21:5,1
21B.1
21 'M
250,1
236.1
223, 1
243.1
243,1
245,5
246.1
243.1
2SB.1
270,2 '
273.1
273.1
262.1
263, 1

DETECTION
LIMIT 1

ppb

10000
10000
100
10000
1000
1000
5000
1000
5000
1000
1000
1000
1000
1000
50
10000
10(10
1000
100
1000
1000
50000
100000

METHOD 2

ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
ICP
flfl
ICP
ICP
flfl
ICP
ICP
ICP
ICP
ICP

DETEITION
LIMIT 2 METHOD 3

ppb

5000
1000C
10000
500
500
500
100000
1000
4000
1000
20001 1
10000
100000
1000
10
3000
2000
100000
20000
1000
1000)0
10000
1000

DETECTION
LIMIT 3 flUli] T FREQUENCY CtlNTRO. LIMITS

ppb
SEE bELOW SEE BELOW SEI BELOW

Revii=e< s 2!) Ifav



Table 10 Page 16 of 36
ANALYTICAL METHOD: SOIL/SEDIMENT

METALS

CHEMICAL KIM-OUND

variation

zirn:

METHOD 1

E8!:,. 1

8fl::l. 1

DETECTION
LIMIT 1

100000
1000

METHOD £

ICP
ICP

DETECTION DETECTION
LIMIT 2 METHOD 3 LIMIT 3

1000
1000

ftUDIT FRI.QUENCV [UNTKOl. LINUS

ii II ii

Method;; Rsferem?;: A, A. by :i:.rect aspiration or A. A. furnace, EPA-600/4-79-020 "Mehtod for Chemical Analysis of Water and Was t f? "

Reference lent Mi?1;ho(iB for rivaluating Solid Waste, EPfl SW 846, Secticm 3050 (Revised 4/84).

Pro:;ii(djre - H(;i. fi,n;il reri.ux for furnace, Sb, Sri

HI1 final rer iux for flaue, fll, Sb, Ba, Ca, Cd, Cr, Co, Cu, Fe, Pb, Mg, Ni, K, fig, Na, Ti, Sn, V, Zn

HNtl fi-ial revluii for furnace netals As, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, Se, Ag, Ti, V, Zn

ftev:i5,f?d 'I,-,/ 66
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flNflLYTICftL MLTHOD: SOIL/SEDIMENT

PESTJCIDES/PCBs

DWOUMD MET-10D 1

4, 4' --DUO

4, 41 -DUE;
4,4" -Dllf
aldri.n

flroclor 10 IE.
flroc Lin lii'cl
flroc lor l.i'Ji
flrocloi lii''E:
flroclor lii '<Ei

flrocloi l,:*i'i

flroc! or LilO
chlorine
dieldr.n
endoiij.i Fan J
endosu; Fari 1 1
endosjj Fari Bi.il 1:at s
endri.n
errtirut aklt'.ycf!
endri.it key t me

hept act 1.1,0 '
heptaclilo'" Ei f icn ic lB
raethoxyehlor

B-BHI:
T-EHC (InicliiH?)

a-EHC

6C3

bC€
608

608

608
boa
608

boa
boa
603

6C',3
6Ci3
bC'3
bC-fl
6(8

bC'B
608
bca
boa
bC'3
608

b(i8

bOB
603

boa

DETECTION
L I M I T 1

ppb

4
4
4
2
17
17
17
17
17
33
33
17
33
2
33
33
33
33
33
2
2
17
33
2
2
2

METHOD 2

(GC/MS)

625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625

DETECTION
L I M I T 2

ppb

330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330

METHOD 3

(CLP)

Uft 85-177
Uft 85-177
Ufl 85-177
Ufl 85-177
Ufl 85-177
Ufl 85-177
Ufl 85-177
Ufl 85-177
Ufl 85-177
Ufl 85-177
Ufl 85-177
Ufl 85-177
Ufl 85-177
Ufl 85-17:'
Ufl 85-17:'
Ufl 85-17''
Ufl 85-17'
Ufl 85-17"'
Ufl 85-17"'
Ufl 85-17''
Ufl 85-17 '
UH 85-17'
Ufl 85-17'
Wfl 85-17''
Ufl 85-17"'
Ufl 85-17''

DETECTION
L I M I T 3 f lUDJT f-REQUE'NCV [UNIflOL. LI

ppb
SEE BI-LOU SEE BELOU BEE EL LOU

16
16
16
8
80
so
SO
80
80
160
160
80
16
6 "
16
16
16
16
16
8 "
8
80
160
8
8
8 " "

Revised 2:i May 8fi
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CHOUCfll. COHWND

1,1,1-

1,1, i,

1,1,2-'
1,1-dl:

1,1-di,

l,,:'-di,

2-broB'

2-buta?

2-chlo

2-heia1

4-meth

acE'ton

be;nzi=ni

brofliocl

broraod ..

brouofi

brown!

c-1,3-1'

carbon

uridiloroetha1*

.•'-te';riirnkro?tlic;r,E

iridiJoi'ijethaie

:hlo>'0(!l liai'e

'hloi'oul liei'ii?

•hloropropime

r-H:ti;.<iro|:iro:iane

ion*?

"oekhyLvinyl i'ther

'lOTl'l?

..'l-iJ-'injii-ianon?
i

:'

i.lcr'Oirif'lham?

chlorcmuthan;

•ra
'thMif!

l:ic?i]c>r-(.|)rope-.e

tetrad1 ..or id -.

chloroheriiicriE!

chloroi

chlorD1

'thiifiE?

orni

chloroiui'ti'iiiriE!

dibniMi

dichlo;

ethyl

methyl

t-1, l-

t-1,,3-

tetraci

ich'idrtaiisthari?

'•odi 1:1 iK'romet laiiE

•.en ;: lint;

>ne cfiikiritle

ridiloroethe-ie

iLC!ii..(.ir{i|]ropeiie

iloriifUiunii1

METHOD 1

-:EO

5(1

6(1
6C1 .

6H
6C1
601
601

6C2
601
6C2

BC1
602
601
601
601

601
601

601
602
601

601

601
601

601

602
601
601

601
601

RNflLYTICflL METHOD: SOIL/SEDIMENT

VJLftTILES

DETECTION DETECTION DETECTION

LIMIT 1 METHODS L I M I T S METHOD 3 LIMIT 3

ppb

1

1
1

1

1
1

1

10
1

10

10
10
1
1
1
10
10

1
1
1
10

1
10
1
1
1
1
1
1
1

(BC/MS)

624
624
624

624

624
624

624

624
624
624

624
624
624
624
624
624

624
624

624

624
624

624

624
624

624
624

624
624

624
624

ppb

10

10
10

10

10
10

10

100
10
100

100
100
10
10
10
10
100
10

10

10
100

10
100
10

10

10

10
10

10
10

(CLP)

wo
UH
wo
wo
wo
M

wo
Uft
wo
wo
wo
wo
wo
wo
wo
wo
wo
wo
wo
wo
m
wo
UP
wo
wo
wo
wo
wo
wo
wo

85-17'

85-177

85-177

85-177

85-17?

85-177

85-177

85-177

65-17'

85-177

85-17'

85-177

85-17'

85-177

85-17'

85-177

85-177

85-177

85-177

85-177

85-17''

85-177

85-17'

85-177

85-17'

85-17'

85-17''

65-17''

85-17''

85-17''

ppb

10

10
10

10

10
10

10

10
10
10

10
10
10

so
10
so
10
10

10

10
10

10
10
so
10
10

10
10

10
10

flLIDlT FREQUENCY CONTROL UM1TS

SEE BELOW SEE BELOW SEE HtlOM
M II li

II 11 il

II II li

II il II

U II li

II li II

U 11 II

H IJ II

U II 11

U II II

II II II

II II II

11 I. 1,

II II II

II 11 II

II U II

II 11 II

II II II

11 II 11

II II II

II II II

M II II

11 II II

II II II

II II II

II II U

II II dl

II II 11

I! II ,1

U II in

Rev i SB I 2:i Miiy 8(i



Table 10 Page 19 of 3&
flNftLYTICflL MITHOD: SOIL/SEDII-ENT

V i V Q L E S

CHEHJCfll. CIX'OIND

total n j ' l e r i E ! - ,
tnctihroel h-tr.i!
tricttlcrol liorciM'th mti
vinyl
vinyl i ' h l ' : i r - i : l E

METHOD 1

602
601
601
601

601

DETECTION
LIMIT 1 METHOD 2

1 624
1 624
1 624
1 624

624
1 624

DETECTION
LIMIT 2

10
10
10
10
10
10

METHOD 3

Wfi 85-177
Wfi 85-177
Wfi 85-177
Wfi 85-177
Wfi 85-177
Wfi 85-177

DETECTION
LIMIT 3

10
10
10
10
10
10

flUI):;T FREQUENCY

II U

II II

1) II

II 11

,1 1,
II II

CONTROL LIMITS

Revisei:l cJJ



Table 10 Page £0 of 36
ftNflLYTICAL MCTHOD: SOIL/SEDIMENT

WET CHEMISTRY

cHEMicfti. UMTOJND

ainitonii nihon>n
catiijfi exi'hcUiU! cap ic : t y
cyanidi.'
nitrate + n i t r ,te a. H
nitratr nitr:in>n
percent &::il i ;lj
pH
spec:if ,i? oortilirtcinc?
total t;,jek:in] ni.tr >gf!r
total i<rg,;in] t; carbcn
total i:irg.;itii:: halid;s
total |tho>|il'i:>r us

METHOD 1

»

350. 1
'3(i80
335.2
353. 1
350. 1
1£,0.3
150.1
1£0. 1
351.2
415.1
450. 1
365. 4

DETECTION
LIMIT 1

ppb

1000

5000
1000
1000
0.1
10
10
10000
100000
1000
1000

I DETECTION DETECTION
METHOD 2 LIM1 f 2 METHOD 3 LIMIT 3 ftUDIT FREQUENCY CONTROL LIMITS

ppb
SEE BELOW SEE BELOW SEE BELOW

SEE NOTE 1
i, ii i.

SEE NOTE 1
ii a ii 11 ii n

II II 1J \i U I'1

H P I I

SEE NOTE 1
SEE NOTE 1
SEE NOTE 2
SEE NOTE 1 "
SEE NOTE 3
SEE NOTE 2

* - Method R.-'<i!renC'!: EPR--600/4-73-020 "Methods for Chemical flnalysis of Mater and Waste"

NOTE 1 !.:l .ML/SDII./EiEDIMENT ftliquot are extracted with distilled deionized water for 24 hours arid the supernant is analized by tne reffrerced

NOTE 2 l:l poriiofi nf the SLUDGE/SOIL/SEDIMENT is subjected to the block digester procedure referenced in aqueous procedure.
NOTE 3 \-\ lil.UIGE/SHII./SEDIMENT sample is extracted with ethyl acetate and the extract is pyrolized for TOX.

Rev i sen 2':l h'i;ij



Table 111 Page 21 of 36
flNflLYTICflL METHOD: BIOTfl

flCID HXTRftCTRBLES

DETECTION DETECTION DETECTION
[WOUND METHOD 1 LIMIT 1 METHOD 2 LIMK 2 METHOD 3 LIMIT 3 flUDIT FREQUENCY CONTROL LIMITS

SEE NOTE 12
2,4-didiloroph!rol SEE NOTE 12
2,'Hiiii>i!t'iy]|>h>nol SEE NOTE 1.2
2,4-din:it''-(,phrnol SEE NOTE 12
2-chloropi-iiira] SEE NOTE 12
2-f luDi-opiwnol SEE NOTE 12
2-i»e1;hvl-'i,£:r-cinitrjphEnol SEE NOTE 12
2-irii1:r<.phii>nol SEE NOTE 12
4-ch.loro-:i-™»hy];ph?nol SEE NOTE 12

4-Tiiitr.iphE>ii<:i:. SEE NOTE 12
flcid EH;r;»t:iiilile Sc"e<;r SEE NOTE 12
pentaci'ilorophicio] SEE NOTE 12
peritafiJuoniplinwJ SEE NOTE 12
phenol SEE NOTE 12

NOTE 12 Sampling and flnalysis Proceedures for Surveying of Fish for Priority Pollutabts USEPfl June 1:177
Metal Detection Limits are the same as for Soil/Sediment
Detection Limits Qrganics - 50 pq./Kg.

Cd, Pb, - Flame
Hg - Cold Vapor

Revise:! cB I'la^ 8t>



Table 1(1 Page £2 of 3£
flNflLYTICllL METHOD: BIOTft

BflSi /NEUTRALS

CHEH.m CWOLNI) METHOD 1
DETECTION
LIMIT 1 METHOD 2

DETEITION
LIMIT 2

DETECTION
METHOD 3 LIMIT 3 flUDIT FREQUENCY CONTROL LIMITS

1,2-du hlw C'

1,4-dii hloc
2,'H)iii].t:"Cit ohiene
2,6~dnii.ti"ol':i]iierie

3,3-di('til:ircitiEiiZKli >e
4-bnracphetiy] iihenyl fa
4-ch!loiioplliitiri)'] phend
acenaplitha] tw
acen.ip) 1;h^iit
arrthrai i?nt?

benz:id'.ne

benzo(l i>f l.uor'ii
benzij(i|, h, ; 1 [uryleri?
benzi3(l:)f Uior'e.nthen;

oetharii;
?thtr

ether

butyl Ijeri !','![
chrysei'iE
di-n-bntyl :'l)-;li
di-Ti-o::tyl filv

d i t i t h y

SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12

SEE liELOW SEE BELOW

Revi&ei; B Put fti.



Table 10 Page 23 of 36
flNfiLYTlDIL METHOD: BIOTft

BflSIVNEUTRflLS

DETECTION
CHEM'iCfc. [..[»IPDUND METHOD 1 LIMIT 1 METHOD 2 LIMF 2 METHOD 3 LIMIT 3 ftUDIT FREQUENCY DONTRUL LIMITS

di«etlv,'l ;tfiUiiilatE!

flu ore ii?

hexach I orocyt:! opent j
hexachlorotithiine
indent) (.1,;!, l'ri\ dJ'pyens
isophorom!
N-riitrn!iOi:l: . - -n - - iropy I ami me
N-riitrH5o>:l:niHlliy]a»ir;i3

naphth ilenc
nitrobHi'izi?n:i

pyreine

DETECTION DETECTION DETECTION
METHOD ] LIMIT 1 METHOD £ LIMF £ METHOD 3 LIMIT 3

SEE NOTE 12
SEE NOTE 12
SEE NO IE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12

ftUDIT FREQUENCY

I II

il II

11 U

il n

ii it

u il

u

U l>

II II

II 11

II II

U II

II
II II

II II

II II

NOTE 12 Sampling and flnalysis Proceed lire 5 for Surveying jf hish for Priority Pollutabts USEPfl Jure: IT/7
Metal Detection Limits are the same as for Soil/Sediment
Detection Limits Organics -- 50 pg./Kg.

Cd, Pb, - Flame
Hg - Cold Vapor

Revise::! iB I'la^ 8f>



Table JO Page 24 of 36
fWLYTICAL METHOD: BIOTft

DIOXINS/FURflNS

tetra-:.DD
tetra-JDF
pent a-CDC

pent a-.!OF
hexa-CIJD
he>:a-C:F

hepta- :DD
hefita- :QF

octa-CHO

octa-C'lF

DETECTION DETECTION DETECTION
WfcTHOD 1 LIMIT 1 METHODS LIMITS METHOD 3 LIMIT 3

SEE NOTE 12
SEE NOTE 12
SEE NOTE 12

SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12

SEE NOTE 12

SEE NOTE 12
SEE NOTE 12

ftLIDIT FREQUENCY CJNTHi.ll. LIMITS

SEE BELOW SEE BELOW SEE KELOW
11 ti it

11 II li

I. u ii

II li ii

ti 11 il

II II 11

II U II

II U II

II U II

NOTE 12 Sanpling and Analysis Prcceedures for Surveying if Fish for Priority Pollutabts USEPfl June'
Metal Detection Limits are the same as for Soil/Sediment
Detection Limits Organics - 50 \tq./Kg.

Cd, Pb, - Flame

Hg -- Cold Vapor

fievise.l c'd I'Mv flt,



Table 1Q Page £5 of 36
flNflLYTICflL METHOD: BIOTfl

METftLS

METHOD i
DETECTION
LIMIT 1 METHOD

DETEITION
LIMI1 Z METHOD 3

DETECTION
LIMIT 3

cadHI mi
lead!

(cell! sapor!

flUDIT FREQUENCY IXINFUOL LIMIlii

SEE tiELOW SEE BELOW SEE BELOW
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12

NOTE li? Sampling and Analysis Proceedings, for Surveying c-f Fish for Priority Poi.lutabts IJSEPfl JUM?
Metal Detection Limits are the same as for Soil/Pediment
Detection Limits Organics - 50 |ig. /Kg.

Cd, Pb, - Flame
Hg - Cold Vapor

1.977

Reviseis £3 N:i>



4, V -DLH)

4, V -DINE
4,*' -Dill
alclrin
ftroclor

fir odor

flrocloi1

ftrocior

Table KI Page 26 of 3b

flNflLYTICrtl/METHOD: BIOTfi

PEST ICIDES/PCBs

CHEfliiCflL i:i]IIPOUND METHOD 1
DETECTION
LIMIT 1 METHOD 2

DETECTION
LIMH 2

DETECTION
METHOD 3 LIMIT 3 flUDlT FREQUENCY

dn?)clr in
endoii.u I f t n I

emlosulfein II

endrir
ewJrur aldisltiyee
endnr kf!y';[)iriE

heptatlilor

SEE NOTE IS

SEE NOTE 12

SEE NOTE 12
SEE NOTE 12

SEE NOTE 12

SEE NOTE 12
SEE NOTE 12

SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
S£E NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12

SEE NOTE 12
SEE NOTE 12
SEE NOTE 12

SEE NOTE: 12

SEE BELOW SEE BELOW SEE BELOW

Revised :!<i to.v BE,



Table 10 Page 27 of 36
ONflLYTICBL METHOD: BIOTfl

PESTICIDES/PCBs

DETECTION
CHEMICAL CiHPDltNI MLTHOD 1 LIMIT 1 METHOD £ LIMIT £ METHOD 3 LIMIT 3 ftUElT FREQUENCY CONTROL LIMITS

T-BHC (li 'njaie)
o-BHC

IMOTE 12 Sampling and Analysis Proceedures for Surveying sf Fish for Priority Pollutabts USEPfl Jure
Metal Detection Limits are the same as for Soil/Sediment
Detection Limits Organics •- 50 ug./Kg.

Cd, Pb, •- Flame
Hg - Cold Vapor

Mt-THOD 1
DETECTION DETECTION DETECTION
LIMIT 1 METHOD £ LIMIT £ METHOD 3 LIMIT 3

SEE NOTE 12
SEE NOTE 12

OUEIT FREQUENCY

II U
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Table 10 Page 28 of 36
ONflLYTICftL METHOD: BIOTfl

VOLflTILES

WifHOD 1
DETECTION
LIMIT 1 METHOD 2

DETECTION
LIMIT 2 METHOD 3

DETECTION
LIMIT 3 flUI'IT FflEQUIIMMCf! CD1POLM MiifHOD 1 LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 flUI'IT FHEQUENCY CONTROL LIMITS

SEE BELOW SEE BELOW SEC BELOW
l,:l,:l-t:nnl:roelh£ra? SEE NOTE 12
1, :l,(:!,i::!-te|:ra:hl[>rcel;hiH«j SEE NOTE 12 " " "
l.l.iHn rib-Dei ham? SEE NOTE 12
l,:i-dichlD"i>E):hanE SEE NOTE 12 " "
l,l--c!ichLD"o*;here SEE NOTE 12
l,2-c:lichlD".::ip"Dpiin£ SEE NOTE 12 "
£-brciflii:i-l-•:;!" lorofircpani! SEE NOTE 12 " " "
2-butar.ore SEE NOTE 12
2-chloroE'L'iyt/inyl et-iiM" SEE NOTE 12
2-he>iar.Dr»2 SEE NOTE 12 "
'Hiethyl-^-fe-itanore SEE N01E 12 "
act'toni? SEE NOTE 12
benzene SEE NOTE 12
bromocnkrorieiriaTie SEE NOTE 12

SEE N01E 12
SEE NOTE 12
SEE NOTE 12 "
SEE NOTE 12 "

carbon tetradilorid? SEE NOTE 12
chlorooon;:i!iif: SEE NOTE 12

chlorofthanc! SEE NOTE 12
chloroform SEE NOTE 12
chlorometn.iiK? SEE NOTE 12
dibrcuichiliiroiiijthari? SEE NOTE 12 " " "
dichlo--'od:ii::iu(«!-orietianE' SEE NOTE 12
ethyl iCT;:iini! SEE NOTE 12

SEE NOTE 12 "
SEE NOTE 12 "
SEE NOTE 12
SEE NOTE 12 "
SEE NOTE 12 "

Revisei 2B lfa» 8(i



CHENlCfl'.. UJiraJND

to ta l
trichl iroi;i;liHii'
trichl'irof .1.101 -'
vinyl jcetiiti?
vinyl ,.:hli)r:i(ii!

Table 10 Page £9 of 56
WftLYTICUL METHOD; BIOTfl

VllLftTILES

METHOD 1
DETECTION DETECTION DEFECTION
LIMIT 1 METHOD 2 LIMI F 2 METHOD 3 LIMIT 3

SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12
SEE NOTE 12

flUDIT FREQUENCY OMRU. LIMITS

II H U

II M It

II 11 II

U U It

1. U b

I40TE 12 Sampling and Analysis Proceedures for Surveying Df Fish for Priority Pollutabts USEPft Jm-.e 1977
Metal Detection Limits are the same as for Soil /Sediment
Detection Limits Organics - 50 pg./Kg.

Cd, Pb, - Flame
Hg - Cold Vapor
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flNflLVTIOIL METHOD: BIOTfl

WEI CHEMISTRY

1
DETECTION
LIMIT 1 METHOD 2

DETECTION
LIMIT 2

DETECTION
METHOD 3 LIMIT 3 flUDIT FREQUENCYCHEHICfli.. lOWOUND METHOD 1 LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 flUDIT FREQUENCY CONTROL LIMITS

SEE 3ELOW SEE BELOW SEE BELOW
amiioni,» mlToifun SfcE NOTE 12
cyan id,' SEE NOTE 12
nitrat-' •* n:il;ritt? a> N SEE NOTE 12
nitrat-' nilTHjii'n SEE NOTE 12
percent s:>.:i[li, SEE NOTE 12
pH SEE NOTE 12
specif <: wmiJii'rti'inc? SEE NOTE 12
total yjelilah: n.itr>gi;n SEE NOTE 12
total .irgaiuc ^arbo'i SEE NOTE 12
total irganii: ialid?E SEE NOTE 12
total tfiosiliorjs SEE NOTE 12

NOTE 12 Sampling and ftnalysis Proceedings for Surveying of Fish for Priority Pcllutabts USEPft Jurti 1977
Metal Detection Limits are the same as for Soil/Bed merit
Detection Limits Organics - 50 pg./Kg.

Cd, Pb, - Flame
Hg - Cold Vapor
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PESTICIDES/PCBs

CRflB ORCHARD NflriONflL WILDLIFE iEF'UGE

flUDIl

Retent ion

Time Wmd

Evalual. ion

Mixtures

fl, 6, & c

Coluinn
Breakthrough

Standa-d

FlifQiENCY

[ir,c-£' per £4 hour-s

Once per 75 hours.

dice jM'r 72 hours.

dice jDt-r 72 hours then intermittently throughout analysis

Once per 75 hours.

flnalysis

Reagem BUmk 1 fer rase or 1 in £0 of similar concentration/matrix

Surrogiite iipjli? fl'.l Siiiiifiles and blank (including MS/MSD).

MS/MSD 1 per c-ase cr 1 in £0 of similar concentration/matrix

CONTROL LIMITS

A, 4'-DDT must have retention time greater than or equal to lii
minutes on packed column, less than £< shift on packed and . 3'i.
fo" capulary column.

% :<SD for aldrin, endrrn & dibutylchloroeridate Must tie lets
tha"i or equal to 10<.

Mu;t not exceed £0'X - if greater remedial action is required.

Calculated factors must not exceed 15< difference for the qua^it it.ition
run nor SOX difference for confirmation run during \d. hour,
period. Deviation greater than or equal to 15). rttcuires
re.analysis.

Seoeration should be greater than or equal to c!5X resolution
between peaks.

Less than 5x CRDL for solvents, less than CF'DL for al., others,

Recovery limits within those of Table 4.£, Exhibit E I1FB Mil iiij •
J176, Wfl 85-J177, Wfl 85-178 (revised 1/85)),

Mu'it fall within limits of Table 5.2, Exhibit E UF6 Ufl 65-J17b,
Wfl 85-J177, Wfl 85-178 (revised 1/85)).

Reviiei 2U M,i
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VllflTILES
CRftB ORCHARD NOTIONAL WILDLIFE ^EFUBE

AUDI I FREQUENCY CONTROL LIMITS

Reagen: B.l.mlf 1 per case cr 1 in 20 of similar concentra- LI?E.B than 5x CRDL for solvents, less than [RDL for all other:

Surrogate !i|iil:i? fl.l Siiinples and blarik (including

MS/M!iD

Call bra l;i or i
Contiinninci

Method, Fi,;.] d
Blank

1 fer case or 1 in 20 of sinilar concentra-
ti cn/natrix.

Each ].£ hours

1 in ilC-proviJed by sampling crew

Recovery limits within t.iose of Table 4.2, Exhibit E (IFt
Wf) 85-J176, Wfl 85-J177, Wfl 85-178 (revised 1/65)).

Recovery limits within those of Table 5.2, Exhibit E (1FB
WO 85-J176, WO 85-J177, * 85-178 (revised l/fi5)).

M:nuimifi RF 0.003; must be less than 25* difference for any
check compound.

Same as reagent blank

1 in ;:0-provided by sampling crew +/- 20% PRE waters
+/-• 50X PRE soils

MS Tuning Ore pi-r day, BFJi key ions and abundanci: criteria must be r«?t for
all 9 ions.

Calibration Ore?
Verification

Five concentrations - linear range Base/Neutrals 0-400 rig.
Acids 0-1000 ng.

Revisiijc 2fi Hay 86
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SEMI-VOLflTILES
CRAB ORCHARD Nfti'lONOL WILDLIFE KEFUGE

flUDIT

Reagisrn Bhiiili 1 per c;tse or 1 in £0 of siailar concent ra-
t i

MS/USD

Calibration
Continuing

Method.'Fie 11:

Bland

Repl ica te

MS Tuning

Calibratiu'i
Ven.fi cat i:)n

Surrogate !i|.nl;i? fill Simples and bldnk (including MS/MSD),

ciiise or 1 in 20 of similar concentra-

ijch LL! hours

!tt 20-provided by sanpling crew

:n 20-provided by sampling crew

fii> pei'- day.,

Onct!

CONTROL LIMITS

Li?5s than 5x CRDL for solvents, less than CRDL for ail otter1:

Recovery limits within those of Table 4.2, Exhibit E (IFS
WiU5-J176, Ufl 85-J177, Wft 85-17fl (revised l/fl5)).

Recovery limits within those of Table 5.2, Exhibit E (IFB
W 65-J176, Wfl 85-J177, Wfl 85-176 (revised l/flSI).

Minimum RF 0.05; must be less than 25^ difference for any
cieck compound.

Same as reagent blank

+/- 20* PRE waters
+/- 50* PRE soils

SFB key ions ar,d abur/dance criteria must bE1 Biet for
all 9 ions.

Five concentrations - linear range Base/Neutrals 0-400 ng.
flcids 0-1000 ng.
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INORGflNICS

CRftB DRCHftRD NflFIONftL WILDLIFE KEFUGE

flUDIT

V e r i f i ration

Calihr itir'ii

Blank

Prepisr iil:i:>n

Blank

FHEQUIINCV

Calibrated daily and each time instrument is set up; verify at
a frequency of 10* or every 2 hours, whichever is greater.

o': run.

CONTROL LIMITS

Within +/- 1(M of true value for all except tin arid necurv I'.'" OT trut; vaki

calibration at a frequency of 10* during run and at end No more than CRDL.

1 per biitch of samples digested or 1 in £0 whichever is greater No more than CRDL.

Interfere wi.'

Check Samii ' f?

Spiked San|Li>

f lna lys is

Duplic ite

Sample ftn;iSy!;i!

Lab IIo;iitrx

San p I B

(aqueous)

Lab Co-.tr:*!
Saif p I s

(soils

Dupl icvite
Inject on

Spike HaiiKiif-

al; beijirininci and end of or twice per B hour working sttift
whichever is greater.

1 per group of similar concentration and matrix, 1 per case of
s<mpli?E-, or 1 in 20, whichever is greater.

Seine HE- spiked sample analysis.

1 for E-iiL'h procedure for each case of samples received; 1 in 20
or 1 per1 batch digested, whichever is greater.

+,'- 20* of mean value (established by running samples at lea;>t
5 times repetitively).

Within +/- 25* recovery

+.'- 20* RPD for values 5X CRDL or wore +/- CRDL tor sauple-s

li?ss than 5X CRDL

Within 80-120* recovery

once a iionth for each of the procedures (applied) to solid sample Wi th in limits established by EPft.

+,'- 20* R3Deach iir.Eilysi

each arieilysi In accordance with limits shown in Section 7, Exhibit E, £OW
/n't (July 1984)
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WEI CHEMISTRY
CRflB GRCHflRD NATIONAL WILDLIFE REFUGE

CailibratiB-i
Verifirati OYi

Blank

Blank

Duplicate
Sample ftna..ys:

Spiked Saci|i]i?
flnalysis

tiilibrjted daily and each time instrument is set up; verify at
ci rrequuncy cif 1.0* or every 2 hours, whichever is greater.

during calibration, at a frequency of 10* during run, and at
end of run.

1 per b.atch c<f sauples or 1 in 20, whichever is greater

Interfere™:!:; Fit beginning arid end of each run or twice per fl hour working
Check 'ianp.1.1 shift,

1 per case of samples or 1 in 20 whichever is greater

1 per [|roup of sinilar concentration, 1 per case of samples,
or 1 in 20; 1 at end of run for nitrate and nitrite.

CONTROL LIMITS

Within +/- 10/C of true value.

No more than CRDL

No more than CRDL

+/- 20X of mean value (establishE'd by runrir.g E.aiiiple at iuast
5 times repetitively); check sample to be prepared in
consultation with EPfl.

+ /- 20X RPD for values 5X CRDL or more; +/-• CRDL for samples \ss", than 5it CRDL

within +/-25* recovery

Revisei:1 2:( M-i) Bd
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ABBREVIATIONS USED IN TABLE 3

CRDL - CONTRACT REQUIRED DETECTION LIMITS
RF - RESPONSE FACTOR
PRE - PERCENT RELflTM ERROR
MS/MSD - MATRIX SPIKE/MATRIX SPIKE DUPLICflTE
RPD - RELATIVE PERCENT DIFFEFENCE
RSD - RELflTM STANDARD DEVIATION
TOX - TOTflL ORGANIC HALOGENS
ppb - PARTS PER BILLION
ppt - PORTS t'ER TRILLION
ftft - PTOMIC fiBSORBTION
C - GAS CHHOMATOGRAPH
GC - GAS CHMDMATOGRAPH/MASS SPECTRMETER
CLP - CONTRACT LABORATORY PROGRAM

Revise I ill H,i» flt:.
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•iiMlMI

reference standard samples, and/or field or laboratory blanks along

- with each set of samples. Any interference are identified and

documented.
<1llM«

In general, the methods accuracy is determining by spiking the

sample matrix with the analyte at a minimum of three concentration

levels. The range of the spiking levels is selected to bracket the

••-• concentration of interest. Percent recoveries of the spikes are

calculated and are compared with synthetic standards. The methods
-[»•«•

precision is determined by analyzing a minimum of three replicates at

each spiking level. The precision is evaluated by calculating the

standard deviation.

•"• The data generated is, whenever possible, input the laboratory

base data management system. Analyst's work sheets are filed for one
in*

year as a temporary record. When approved and signed, data reports

and pertinent information are reported to the client.

The analytical protocols for explosives in soils are presented in

* Attachment 5. Samples to be analyzed for chlorinated dioxins and

dibenzofurlans will be analyzed according to the procedure of Smith et
i w<

al. (1984) or equivalent as presented in Attachment 6.

Hi

7.02 Field Procedures

—' Site investigations will be conducted in two phases. Samples

collected during the two phases will be shipped, following chain-of-
«><•»

custody procedures to O'Brien S Cere'.a laboratory for analyses.

_ Field analyses of surface and groundwater will consist of pH,

specific conductance and temperature measurements.
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VOLATILE ORCANICS IN WATER SAMPLES

Water samples were analyzed by EPA Methods 601 and 602 which

employs the sample preparation step of purge and trap followed by

analyses with a gas chromatograph equipped with a HECD and PID

detector. Surrogate standards were added to a level of 20 ppb to each

samples to monitor purging efficiency. The surrogate standards are:

Bromochloromethane

1,4 - Dichlorobutane

1 - Chloro - 2 - Brodopropane

REFERENCE

1) Federal Register, 40 CFR, Part 136, October 26, 1984,'Method 601

and 602.
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VOLATILE ORGANIC SCREENS IN SOIL AND SEDIMENT

Soil and sediment matrices were analyzed by a method which

combined the sample preparation methods of the EPA CLP with the gas

chromatographic methods of EPA Methods 601 and 602. The method

employed a direct sparge sample preparation step followed by analysis

with a gas chromatograph equipped with a HECD and a PID detector in

series. Surrogate standards were added to every sample to monitor

sparging efficiency. The surrogate standards are:

Bromochloromethane

1,4 - bichlorobutane

1 - chloro - 2 - Bromopropane

1000 ng of each surrogate was added to each soil/sediment sample.

REFERENCE

1) Federal Register, 40 CFR, Part 136, October 26, 1984

2) USEPA Contract Laboratory Program, Statement of Work for

Organic Analysis May, 1984
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ium»

SEMI VOLATILE FIDSCANS OF WATER AND SOIL SAMPLES

Water and soil samples were screened from organic pollutants

"""" using the sample preparation procedures of the EPA CLP. Identification

and quantitation was accomplished using a gas chromatograph equipped
nlltlM

with capillary column and a FID detector. Water samples were acid/base

M partitioned and extracted with methylene chloride. According to the

CLP procedure, generating two extracts for analysis. Soil samples were

'"""* extracted at a neutral pH as specified in the CLP, generating a single

extract for analysis. Surrogate standards were added to all samples as

follows:

inl

Water Soil
A

Octadecane 200 ppb 6,700 ppb

2,4,6-Tribromo-phenol 500 ppb 17,000 ppb
«

in The gas chromatograph conditions were as follows:

GC: HP 5880

Column: HP 530u Methyl silicone

Wide Bore Capillary
i

Column, 10 meters

Oven Temp: 50 to 250 at 10° per minute

REFERENCES

1) USEPA Contract Laboratory Program Statement of Work for Organic
M-MOI

Analysis 5/84
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ORGANO CHLORINE PESTICIDES AND PCBs IN WATER AND SOIL SAMPLES

The EPA CLP was used to screen samples for pesticides and PCBs

in water and soil samples. Surrogate standards were added to every

sample to monitor extraction efficiency. Dibutychlorendate was the

surrogate standard added to water samples at a level of 0.5 ppb and

soil samples at 17 ppb.

REFERENCES

1) USEPA Contract Laboratory Program Statement of Work for Organic

Analysis May, 1984
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SECTION 8 - DATA REDUCTION, VALIDATION, AND REPORTING

8.01 General

O'Brien & Gere's laboratory facilities will perform all testing except

for samples split with the U.S.F.W.S., explosives residues by HPLC,

ICP scans, and PCDD/PCDF analyses. Data reduction and validation

will be incorporated into the in-house effort.

8.02 Data Reduction and Reporting

The following data handling procedures are employed at O'Brien &

Gere:

A. Data Production - A Hewlett-Packard Model 5995 and 5993 are

used for the positive identification and quantification of

sample extracts. Output from the determination is a total ion

chromatogram recorded on thermal printer hard copy and

cassette tape.

B. Data Reduction - Output from the GC/MS unit is digitized,

stored in memory on cassette tape and processed for

presentation in three formats:

1) A real-time total multiple ion mass chromatogram.

2) A post-run integration report contains the following:

a. Retention time

b. Response factor

c. Primary, secondary, and tertiary ion with their

corresponding abundance

d. Quantitation ion
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e. Reference library name

f. Concentration

3) A visual comparison of the subject mass spectral output

to the library compound.

C. Data Transcription - The post integration report contains the

following:

1) Listing of all compounds.

2) Relative retention times.

3) Relative response factor to their internal standards.

4) Concentration of compounds, surrogate and internals.

Quality Control/Quality Assurance data such as resolution and

calibration standards and DFTPP spectra are also processed and stored
IH

in the above manner.

D. Data Verification - The processed transcribed information and

the hard copied raw data are now evaluated by the Croup

Leader to verify the validity of the data and determine

whether reinjection or additional cleanup steps are required.

The results of the evaluation are recorded in a notebook and

inputted into the Sample Status File.

E. Distribution - Following final review the CC/MS Croup Leader

and Manager of Analytical Services, the results of the

analytical determination are shipped to the Contractor. The

format used for presentation of data are the presented in the

IFB forms. Additional data such as copies of raw data and

chromatograms are provided upon request.
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F. In-House Storage - Results of all analytical determinations are

stored in the RTE6 computer. Raw data tapes are logged into

the computer on a separate file and listed by tape number

and its contents. The data tapes are stored indefinitely.

Should a request be made for a particular raw data tape, the

tape is copies and the copy is kept in the archive while the

original is sent to the Contractor. All notebooks are also

archieved and stored in the O'Brien & Cere Central File.

Reporting

Once a sample has been tagged and input into the laboratory

data management system, we have the ability to determine its exact

status. With the available maintenance programs, and tracking

forms, the group leaders can trace the progress of one sample or

an entire group of samples. Therefore, a client is able to receive

partial data before the entire program is complete.

For a program that covers the course of several months or

years, it is imperative that interim reports be submitted. It is

anticipated that turnaround for a batch of samples will be 40 days

from sample arrival. The RTE6 computer system, with the

Aquarius software will generate a final report following injection

and data evaluation. Therefore, if specific sample information is

required prior to submission of the case, we would be able to

satisfy EPA's needs.

Of course there may be certain instances where faster

turnaround would be dictated and we shall make every attempt to



Section No: 8
Revision No: 1
Date: May 27, 1986
Page H of 4

meet those needs. Our past experience on programs of this size

have proven our capability to supply information in a timely

manner.

8.03 Data Validation

Prior to submitting of the data to the Project Manager for his

review, data will be validated by the individual laboratory group

leaders and/or Manager.

I The validation process will include the review of spike recoveries,

/ surrogate recovery, comparability of duplicate analysis and field blank

I integrity. Additionally, the reviewer will check for the adherence to

accuracy and precision criteria, unusually high or low parameter values
nrfM' /., *'-

and possible transmittal errors. ***"*"
\ - ... / -- ...
v Field data will be reviewed by the Quality As^dfance Manager

(QAM). The QAM will critique the field data using the same guidelines

where required, as outlined above.
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SECTION 9 - INTERNAL QUALITY CONTROL PROCEDURES

9.01 Contract Laboratory Quality Control

The standard quality control procedures for the CLP will be
j

\ >
employed to provide consistent, accurate and dependable test results.

___ ^Attachment U to this QAPP documents the QA/QC considerations

... A included in this program. The major elements of the QA/QC program
i

are: instrumental tuning and calibration criteria, defined analytical

'""*" protocols, reagent blanks, surrogate spikes, matrix spikes and

duplicate analyses. A reagent blank is included in each batch of up to

twenty samples analyzed. Surrogate spike standards are incorporated

• into all samples and blanks prior to sample processing while one set of

matrix spikes and matrix spike duplicates will be included per batch of

*IM" up to twenty samples. A field blank consisting of diatomaceous earth

for soils or distilled water for groundwater will also be included as
I iii

quality control samples.

.h,i Sample containers will be supplied by the O'Brien & Cere's

laboratory. In order to insure both sufficient quantity and proper

container cleanliness the contract laboratory will order these supplies

from I Chem Research, Inc. located in Hayward California. When

ordering the containers the contract laboratory will specify pre-cleaned

jars with teflon liners. |V

The types of containers are as follows:

A - Water ^

°125 ml screwcop glass for teflon level

°100 ml polyethylene bottle with screw cap

°UO ml VOA vials with teflon septum
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°500 ml polyethylene bottles with screw caps

°quart glass jars with teflon lined cap

°gallon glass jars with teflon lined cap
<4imi

B - Soil/Sediment
"•MM

°40 ml VOA vials with teflon system
•?

.... °30 ml crimp vials- ,

°60 ml glass jars with teflon lined cap

"""" °Wide mouth pint glass for with teflon lined cap

°1/2 pint glass for with teflon lined cap
«»•+

In order to insure container cleanliness randomly selected

tw containers will be filled with distilled deionized water and sent to the

laboratory for analyses. The analyses requested for this blank sample

will be equivalent to that for which the sample to be held by that

container would normally be analyzed for.
'tin

«. 9.02 Field Sampling Quality Control

Field sampling crews will always be under the direct supervision of

a crew chief with a minimum of a Bachelor's degree and five years

sampling experience. New employees will be assigned to an experienced

staff member and work under his/her direction.

..., Bound log books and appropriate data sheets will be used to

document the collection of samples so that any individual sample can be

traced back to its point of origin; sampler and sampling equipment.

Duplicate samples will be collected at the same time, employing the
dxMll

same procedures, equipment and containers as the scheduled sample.
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Additionally, duplicate samples will be packaged and shipped to the

<I1M. laboratory in the same manner as the required sample.

Tables 6 and 7 (Section 1.05) list the projected number and sample

"'"* type of duplicates for Phases I and II.

As specified in Section 8 of this QAPP the QAM will periodically
•Mi

review the results of the duplicate analyses and advise the Project

„,„, Manager of any problems.

*'*" 9.03 Field Analytical Procedures Quality Control

Field measurements of pH, temperature and specific conductance
«•

will be taken on water samples only. The pH meter will be checked

,„„,, against two known standard pH buffers (7 and 10) before and after

each days use.

** Temperature measurements will be made with a mercury-filled

celsius thermometer. As a minimum, the thermometer will have a scale
III HI

marked for every 0.1C, with marking etched on the capillary glass.

ml Field operations will require a thermometer with a protective case to

prevent breakage. The thermometer will be checked against a precision

" thermometer certified by the National Bureau of Standards (NBS)

periodically.
i ii

Conductivity reading will be made with a portable specific

conductivity meter. The meter will be calibrated against a 0.010 normal

potassium chloride solution (KCL) at least once per day.
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SECTION 10 - AUDIT PROCEDURES

•, The O'Brien & Cere Project Manager, the Columbia National
' ' / . /"• '
,/ I Fisheries QC/QA Representative and the Refuge Manager will monitor

i
and audit the performance of the QA procedures listed in this plan.

They will conduct field and office audits.

O'Brien £ Gere has designated a QA office as indicated in Figure 3

(Section 2.02). A performance audit, consisting of analysis of
n , ,^^~~

ex '' pxappropriate blanks, fortified samples and standard solutions will be
- '̂ ' -»,

\\ performed quarterly for the duration of the project. O'Brien & Cere's

-QA Officer will maintain a record of such audits and will inform the FWS

of significant deviations from established control limits. These audits

will test not only the total system's response, but 'inherently all major

measurement methods.

, -- O'Brien & Cere's QA Officer will report to the Project Manager and,
/,,cv''

FWS the result of assessment of: the accuracy, precision and

completeness of the data, results of the performance and system audits,

and any problems encountered in the analytical procedures. The QA

Officer, in conjunction with the analyst, analyst's supervisor, and

Project Manager will formulate recommendations to correct any deficiency

in the analytical protocol or data. These corrective measures will be in

accord with ongoing good laboratory practices and the overall Quality

Assurance Program.
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SECTION 11 - PREVENTIVE MAINTENANCE

Preventive maintenance procedures will be carried out on all field

equipment in accordance with the procedures outlined by the

manufacturer's equipment manuals. Any field equipment used during

this project that is not covered by the standard operating procedures

will have a specific maintenance instruction sheet prepared for it.

mill
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SECTION 12 - DATA ASSESSMENT PROCEDURES

«••*<

The O'Brien & Cere laboratories QA/QC group leader will be

*"""" responsible for assessing the quality of the data generated. His

assessment will be based upon instrument tuning criteria, surrogate

recoveries, matrix spikes, duplicate analysis and reagent and fie d^

.„, blank integrity.

The QA/QC group leader will advise ther'QAM of any data which he

"™" believes should be rated as "unacceptable" or "preliminary" along with

recommendations for corrective action, if deemed necessary.
«*«

Tentatively identified compounds (TIC's) will be brought to the

MM attention of the Project Manager (PM) who has the responsibility of

deciding whether to require additional verification or^discard the data$— ^

The Quality Assurance Manager (QAM) has the responsibility of

assessing the quality of the data generated by outside contract
41 111 I

laboratories. The QAM will review both the analytical data and QA/QC

reports and will report any inconsistencies to the PM along with

recommendations concerning the acceptability of the data.

Finally, all analytical data will be submitted to and assessed by the

FWS in accordance with their standard procedu/es.

s

f
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•«>

SECTION 13 - CORRECTIVE ACTION PROCEDURES

<*•*>

Corrective action procedures that might be implemented from audit
*>W*'I

results or upon detection of data unacceptability are developed on a

case-by-case basis.

The actions may include:

*"* ° Reanalyzing samples if holding time requirements have not

been exceeded.
'iiiii

0 Altering field or handling procedures.

0 Resampling.
«'-' ,

0 Using a different batch of sample containers.

1 i' ° Recommending an audit of laboratory procedures.

0 Accepting data with knowledged level of uncertainty.
tiiil

0 Discard data.

Further guidance to corrective actions is outlined in Attachment 4
4HW 3

to this QAPP. The O'Brien & Cere Project Manager is responsible for
>

111 initiating the corrective action. The Regional Resource Contaminants

Assessment Coordinator is responsible for approving the corrective
ii

action.
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SECTION U - QUALITY ASSURANCE REPORTS

For this project, no separate report is anticipated to describe the

performance of the data measurement systems or the data quality.

Discussions of quality assurance problems and corrective actions taken

will be included in the project monthly progress reports. The final Rl

report and the final FS report will contain separate QA sections that

summarize data quality information collected during the project.

Mil (I
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*"" b. Phase I Listing

ATTACHMENT 1

SAMPLING AND ANALYSIS SCHEDULE
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b. Phaj
c. Phase II Listing
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CRAB ORCHARD NATIONAL WILDLIFE REFUGE

SAMPLING & ANALYSIS SCHEDULE

KEY

Col.
No.

1.

2.

3.

15.

16.

ID1 -

1D2 -

IDS -

ID4 -

Site Number

Sequential number at a given site

Sample Matrix: soil-1; water-2; sediment-3; fish-4;
turtles-5; crayfish-6

Analysis set: A-1; B-2; C-3; D-4; E-5; F-6; G--7; H-8
(see parameter list for analysis sets)

soil, water, etc, (See ID3)

Description of sampling locations

Type of sample collection - surface, grab,
composite, core, etc.

Depth at which sample is collected

- See Parameter List for analysis sets

For selection of sampling depth, location and
intervals. See Attachment 2 for explanations.

Number used by OB&G Laboratory System

Shows if replicates are collected for FWS,
duplicates or spikes

Sample Coll. Date - Date of Sampling -
'***' indicates sample collected; '—' indicates
sample not collected

5.

6.

7.

8.

9.

10-12.

13.

14.

MATRIX -

Name -

Type -

Depth -

Analysis Set

Rationale -

Lab No. -

Replicate -

Dupl/Spike -
Numbers

Lab No. for corresponding duplicate or spike
sample.



* -nil

PHASE 1 LISTING OF SAMPLES SCHEDULED
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38 •
39 •
40 •

Revised torch 17i 1986

ID1 ID2 ID3 ID4 ! MATRIX! NAHE !
ST N HAT A.S

CRAB ORCHARD NATIONAL WILDLIFE REFUGE
SAMPLING AND ANALYSIS SCHEDULE

PHASE I - ALL SAMPLES
TYPE ! DEPTH ! ANAL (DEPTH! LOCA-!INTRVL!SAMP!! LAB

SET TION 1 NO. NOS. NO
{....(RATIONALE),,,.!

REPLICATE SAMPLE
LAB FUS COLL, DATE

DUPL./SPIKE
NUMBERS

NOTES

3- 1-
3- 2-
3- 2-
3- 3-
3- 4-
3- 5-

4- 1-
4- 2-
4- 2-

5- 1-
5- 2-
5- 3-
5- 3-

1-
1-
1-
1-
3-
3-

1-
3-
3-

2-
1-
3-
3-

1 SOIL.
1 SOIL
6 SOIL
1 SOIL
4 SEDIMENT
1 SEDIMENT

4 SOIL.
1 SEDIMENT
6 SEDIMENT

1 HATER
1 SOIL
1 SEDIMENT
6 SEDIMENT

GROUP!

NORTH BANK
SOUTH BANK
SOUTH BANK
EAST MOUND
MARSH

LOUER STREAM

GROUP:

BARE PATCHES
SUAMPY SED.
SUAMPY SED.

GROUP:

POND UATER
DEAD TREE AREA
POND SED.
POND SED.

*i SITE: 3; ARE A n SOUTH LANDFILL

COMP. 6 GRABS
COMP. 6 GRABS
COMP. 6 GRABS
COMP. 4 GRABS

COMP. 10 GRABS
COMP, 10 GRABS

0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT

*i SITE: 4; ARE A n NORTH

COMP, 6 GRABS
COMP, 6 GRABS
COMP, 6 GRABS

0-1 FT
0-1 FT
0-1 FT

ti SITE: 5; ARE A n ACID

COMP, 4 GRABS
COMP, 4 GRABS
COMP. 4 GRABS
COMP. 4 GRABS

SURFACE
0-1 FT
0-1 FT
0-1 FT

A
A
F
A
D
A

I
I
I
I
K
K

P
P
P
P

R»S
PiRiS

Y
Y
Y
U
Y
Y

1
2

572
3
4
5

9401 FUS
9402 DUPL
9257 DUPL
9403 SPKE
9404
9405

tit 8/14/1)5
tit 8/14/35
tit 11/19/85
tit 8/14/35
tit 8/14/135
tit 8/14/35

LANDFILL

D
A
F

POND

A
A
A
F

I
K
K

N
K
K
K

PiU
R
R

R
PiRiU
R
R

Y
X
X

Y
Y
Y
Y

6
7

573

8
9

10
574

9406
9407
9258 FUS

9408
9409 FWS
9410
9259

tit 8/13/135
tit 8/13/85
tit 11/19/135

tit 8/13/85
tit 8/13/155
tit 8/13/85
tit 11/19/85

19221
19222
19266
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41 - GROUP: *2 SITE: ?A;D AREA NORTH LAUN

43 -
44 -
45 -
46 -
47 -
48-
49 -
50 -
51 -
52 -
53 -
54 -
55 -
56 -
57 -
58 -
59 -
60 -
61 -
62 -

64 -
zc _03

66 -
67 -
68 -
69 -
70 -
71 -
72 -
73 -
74 -
75 -
76 -
77 -

79 -
an -

7A- 1- 1-
7A- 2- 1-
7A- 3- 1-
7A- 4- 1-
7A- 5- 1-
7A- 6- 1-
7A- 7- 1-
7A- 8- 1-
7A- 9- 1-
7A- 9- 1-
7A- 10- 1-
7A- 11- 1-
7A- 12- 1-
7A- 13- 1-
7A- 14- 1-
7A- 15- 1-
7A- 16- 1-

11A- 1- 3-
11A- 2- 3-
11A- 3- 3-
11A- 3- 3-
11A- 4- 3-
11 A- 5- 1-
11A- 6- 1-
11A- 7- 1-
11 A- 8- 1-

1 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL
6 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL

1 SOIHENT
1 SiEDIHENT
1 EEDIHENT
6 SEIUHENT
1 EOUHENT
1 SOIL
1 SOIL
1 SOIL
1 SOIL

LOU SPOTS-SURF
LOU SPOTS-1 FT
LOU SPOTS-2 FT
LOU SPOTS-3 FT

TRANSECT A-SURF
TRANSECT A-1FT
TRANSECT A-2FT
TRANSECT A-3FT

TRANSECT B-SURF
TRANSECT B-SURF
TRANSECT B-1FT
TRANSECT B-2FT
TRANSECT B-3FT
TRANSECT C-SURF
TRANSECT C-1FT
TRANSECT C-2FT
TRANSECT C-3FT

GROUP: 12

UEST SUALE
EAST SUALE

NORTH SUALE 1
NORTH SUALE 1
NORTH SUALE 2
LOADING DOCK
NORTH DOOR

EAST LOAD AREA
STEAHHOUSE DOOR

•

GROUP: 12

COHP, 8 GRABS SURFACE AIOVA I
COHP, 8 GRABS 6-12 INCHES AIOVA H
COHP. 8 GRABS 1-2 FEET AIOVA H
COHP, 8 GRABS 2-3 FEET AIOVA H
COHP, 3 GRABS SURFACE AIOVA J
COHP, 3 GRABS 6-12 INCHES AIOVA H
COHP, 3 GRABS 1-2 FEET AIOVA H
COHP, 3 GRABS 2-3 FEET AIOVA H
COHP. 3 GRABS SURFACE AIOVA J
COHP, 3 GRABS SURFACE F H
COHP, 3 GRABS 6-12 INCHES AIOVA H
COHP, 3 GRABS 1-2 FEET AIOVA H
COHP, 3 GRABS 2-3 FEET AIOVA H
COHP, 3 GRABS SURFACE AIOVA J
COHP, 3 GRABS 6-12 INCHES AIOVA H
COHP, 3 GRABS 1-2 FEET AIOVA H
COHP, 3 GRABS 2-3 FEET AIOVA H

SITE: HA:P AREA NORTH

COHP, 3 GRABS 0-1 FT A JiK
COHP, 7 GRABS 0-1 FT A M
COHP, 6 GRABS 0-1 FT A JiK
COHP, 6 GRABS 0-1 FT F JiK
COHP, 3 GRABS 0-1 FT A JiK
COHP, 3 GRABS 0-1 FT A J
COHP, 2 GRABS 0-1 FT A J
COHP, 3 GRABS 0-1 FT A J
COHP, 2 GRABS 0-1 FT A J

SITE: ?:D AREA SOUTHEAST DRAINAGE

u
u
u
u
0
Q
Q
Q
G
Q
Q
Q
Q
Q
Q
Q
Q

Q>R
QiR
Q»R
QiR
QiR
Q
Q
Q
Q

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
u
u
u
u

11
12
13
14
15
16
17
18
19
575
20
21
22
23
24
25
26

27
28
29
576
30
31
32
33
34

9411
9412
9413 FUS
9414
9415
9416
9417 DUPL
9418
9419
9260
9420
9421
9422
9423
9424
9425
9426

9427 SPKE
9428 FUS
9429 DUPL
9261 DUPL
9430
9431
9432
9433
9434

tit
tit
tit
tit
tit
tit
tit
m
tit
tit
tit
tit
tit
tit
tit
tit
tit

tit
tit
tit
tit
tit
tit
tit
tit
tit

8/17/B5
8/17/85
8/17/85
8/17/85
8/17/85
8/17/85
8/17/85
8/17/85
8/17/85
11/19/85
8/17/85
8/17/85
8/17/85
8/17/85
8/17/85
8/17/85
8/17/85

8/16/85
8/16/85
8/16/85
11/18/85
8/16/85
8/16/85
8/16/85
8/16/85
8/16/85

19226

19282

19254
19225
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81 -
82 -
83 -
84 -
85 -
86 -
87 -
86 -
89 -
90 -
91 -
92 -
93 -
94 -
95 -
96 -
97 -
98 -
99 -
100 -
101 -
102 -
103 -
104 -
105 -
106 -
107 -
108 -
109 -
110 -
111 -
112 -
113 -
114 -
115-
116 -
117-
118 -
119 -
120 -

7-
7-

1 —

2-
2-
3-

i UATE:R
i SEDIHENT

D-SE WATER
D-SE SEDIhENT

COHP. 4 GRABS
COHP, 4 GRABS

SURFACE
0-1 FT

A
A

N
K

R
R

U
U

10- 1- 2- 1 HATER
10- 2- 3- 4 EiEIUHENT
10- 2- 3- 7 SEDIMENT

UU-N HATER
UU-N SEDIHENT
UU-N SEDIHENT

COHP,
COHP,
COHP,

GRABS
GRABS
GRABS

SURFACE
0-1 FT
0-1 FT

A
D
G

N
K
K

RrS
RiS
RiS

U
U
U

GROUP; »2 SITE; H;P AREA SOUTHEAST DRAINAGE

11- 1- 2- 1 HATER P-SE HATER COHP, 4 GRABS SURFACE A N
11- 2- 3- 1 I5EUIHENT P-SE SEDIHENT COHP, 4 GRABS 0-1 FT A K
11- 2- 3- 6 KEIIIHENT P-SE SEDIHENT COHP, 4 GRABS 0-1 FT F K

R
R
R

U
U
U

35 19209
36 19210 DUPL

II* 8/16/1)5
*1* 8/16/35

GROUP; 12 SITE; S:D AREA SOUTHUEST DRAINAGE

8- 1- 2- 1 HATER D-SH HATER COHP, 2 GRABS SURFACE A N R U 37 3258
8- 2- 3- 1 EOIHENT D-SH SEDIHENT COHP, 4 GRABS 0-1 FT A K R U 38 3386

GROUP: 12 SITE: 9:0 AREA NORTHWEST DRAINAGE

9- 1- 2- 1 HATER P-NH HATER COHP, 4 GRABS SURFACE A N R U 39 3257
9- 2- 3- 1 JiEHIHENT P-NU SEDIHENT COHP. 4 GRABS 0-1 FT A K R U 40 3385

GROUP: *2 SITE: IO;UATERHORKS NORTH DRAINAGE

41
42

577

3250
42 FUS

9262 DUPL

19255

*1* 7/25/1*5
*1* 7/25/35

tl* 7/25/B5
*lt 7/25/85

tit 7/25/85
*1* 7/25/85
*1* 11/19/85 19259

43 3247
44 44

578 9263

*1* 7/25/85
ll» 7/25/85
W 11/18/85
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121 -
122 -
123 -
124 -
125 -
126 -
127 -
128 -
129 -
130 -
131 -
132 -
133 -
134 -
135 -
136-
137 -
138 -
139 -
140 -
141 -
142 -
143 -
144 -
145 -
146 -
147 -
148 -
149 -
150 -
151 -
152 -
153 -
154 -
155 -
156 -
157 -
158 -
159 -

20- 2- 3-
20- 2- 3-

12- 2- 3-
12- 2- 3-
12- 3- 1-

13- 1- 1-
13- 2- 1-
13- 3- 1-
13- 4- 1-
13- 5- 1-
13- 6- 1-

14- 1- 2-
14- 2- 3-
14- 3- 2-
14- 4- 3-
14- 4- 3-

1 SEDIMENT
6 SEDIMENT

i SI:DIMENT
7 SEDIMENT
4 SOIL

1 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL

1 WATER
1 SEDIMENT
1 WATER
1 SEDIMENT
6 SEDIMENT

GROUP!

D SOUTH
D SOUTH

GROUP;

t2 SITE: 20:0

COMP, 4 GRABS
COHP, 4 GRABS

AREA SOUTH

0-1 FT
0-1 FT

A K
F K

R
R

X
X

46
579

3389
9264

tit 7/25/EI5
tit 11/18/85

*3 SITE; 12; AREA 14 LANDFILL

DRAINAGE CHANNEL COHP, 4 GRABS
DRAINAGE CHANNEL COMP, 4 GRABS
BLACK RESIDUE

GROUP;

TRANSECT 1
TRANSECT 2
TRANSECT 3
TRANSECT 4
TRANSECT 5
TRANSECT 6

'

GROUP;

DITCH NORTH
DITCH NORTH
DITCH SOUTH
DITCH SOUTH
DITCH SOUTH

COHP, 4 GRABS

0-1 FT
0-1 FT
0-1 FT

*3 SITE; OIAREA 14 CHANGE

COMP, 10 GRABS
COMP. 10 GRABS
COMP, 10 GRABS
COMP, 10 GRABS
COMP. 10 GRABS
COMP, 10 GRABS

0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT

A IiK
G I.K
D I

HOUSE SITE

A J
A J
A J
A J
A J
A J

PiR
PiR
PiU

Q
Q
Q
Q
Q
0

U
U
U

Y
Y
Y
Y
Y
Y

48
580
49

50
51
52
53
54
55

3387 DUPL
9265
9385 FUS

9386
9387 FUS
9388
9389
9390
9391

tit 7/25/EI5
*lt 11/18/85
tit 8/14/85

tit 8/15/85
tit 8/15/35
tit 8/15/1)5
tit 8/15/135
tit 8/15/135
tit 8/15/135

*3 SITE: IV.AREA 14 SOLVENT STORAGE

COHP, 6 GRABS
COMP, 6 GRABS
COMP, 6 GRABS
COMP, 6 GRABS
COMP, 6 GRABS

SURFACE
0-1 FT
SURFACE
0-1 FT
0-1 FT

A N
A K
A N
A K
F K

QiR
Q»R
Q»R
Q»R
QiR

Y
Y
Y
Y
Y

56
57
58
59

581

19301
19302 FUS
19303
19304
9266

tit 7/25/135
tit 7/25/35
tit 7/25/135
tit 7/25/35
tit 11/18/135

9255

CLOSEST TO RD,
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161 -
162 -
163 -
164 -
165 -
166-
167 -
168-
169 -
170 -
171 -
172 -
173 -
174 -
175 -
176 -
177 -
178 -
179 -
180 -
181 -
182 -
183 -
184 -
185 -
186 -
187 -
188 -
189 -
190 -
191 -
192 -
193 -
194 -
195 -
196 -
197 -
198 -
199 -
200 -

GROUP: *4 SITE: IS:AREA 7 PLATING POND

15- 1- 2- 1 WATER PLATING POND COHP. 4 GRABS
15- 2- 3- 1 SEDIMENT PLATING POND COHP, 4 GRABS
15- 3- 2- 13 WATER MONITOR WELL SINGLE SAMPLE

SURFACE
0-1 FT
BAILER

A
A
M

GROUP: *4 SITE: UJAREA 7 INDUSTRIAL

16- 1- 2- 1 WATER DITCH NO.l COHP. 2 GRABS
16- 2- 3- 1 J5EDIHENT DITCH NO.l COHP. 2 GRABS
16- 3- 2- 1 WATER DITCH N0.2 COHP. 2 GRABS
16- 4- 3- 1 SEDIMENT DITCH N0.2 COMP. 2 GRABS
16- 4- 3- 6 SEDIMENT DITCH NO, 2 COHP, 2 GRABS
16- 8- 3- 1 I5EDIHENT DITCH N0.4 COHP, 2 GRABS
16- 9- 1- 4 SOIL BLDG 3-4 FRONT COHP, 12 GRABS
16- 10- 1- 1 SOIL BLDG 3-4 BACK COHP, 6 GRABS
16- 10- 1- 7 SOIL BLDG 3-4 BACK COHP, 6 GRABS
16- U- 1- 1 SOIL BLDG 3-5 FRONT COHP. 6 GRABS
16- 12- 1- 1 SOIL BLDG 3-5 BACK COHP. 12 GRABS
16- 13- 1- 1 SOIL BLDG 4-4 FRONT COMP, 6 GRABS
16- 14- 1- 1 SOIL BLDG 4-4 BACK COMP, 6 GRABS
16- 15- 1- 4 SOIL BLDG 5-2*3 FRONT COHP, 12 GRABS
16- 15- 1- 6 SOIL BLDG 5-2J3 FRONT COMP, 12 GRABS
16- 16- 1- 1 SOIL BLDG 5-2S3 BACK COHP, 6 GRABS
16- 17- 1- 1 SOIL BLDG 6-1 CONTROL COHP, 6 GRABS

GROUP: ts SITE: 17:JOB

17- 1- 1- 1 SOIL SOIL GRID 1 COMP, 5 GRABS
17- 2- 1- 1 SOIL SOIL GRID 2 COMP. 5 GRABS
17- 2- 1- 7 SOIL SOIL GRID 2 COMP, 5 GRABS
17- 3- 1- 4 SOIL SOIL GRID 3 COMP. 5 GRABS
17- 4- 1- 1 SOIL SOIL GRID 4 COMP. 5 GRABS

t

SURFACE
0-1 FT
SURFACE
0-1 FT
0-1 FT
0-1 FT
SURFACE
0-1 FT
0-1 FT
0-1 FT
SURFACE
0-1 FT
0-1 FT
SURFACE
SURFACE
0-1 FT
0-1 FT

A
A
A
A
F
A
D
A
G
A
A
A
A
D
F
A
A

N
K
-

SITE

N
K
N
K
K
K
I
J
J
J
I
J
J
I
I
J
J

Q
Q
Q

R»S
RiS
R
R
R
R
P
Q
Q
Q
P
Q
Q
P
P
Q
Q

Y
Y
-

W
U
W
U
U
U
Y
X
X
X
Y
X
X
Y
Y
X
X

60
61
62

63
64
65
46
582
70
71
72
583
73
74
75
76
77

584
78
79

19305
19306
9393

19307
19303
19309
19310 FWS
9267
9397
9398 DUPL
9399
9268 FWS
9400
9435
9436 SPKE
9437
9438 FUS
9269
9439
9440

tit
tit
,1,

tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit

7/25/35
7/25/85

7/25/85
7/25/85
7/25/85
7/25/85
11/19/85
7/25/85
8/17/85
8/17/85
11/19/85
8/17/85
8/17/85
8/17/85
8/17/85
8/17/85
11/19/85
8/17/35
8/17/85

19253

19267

CORPS LANDFILL

0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT

A
A
G
D
A

I
I
I
I
I

P
P
P
P
P

X
X
X
X
X

80
81
585
82
83

9441
9442
9270 DUPL
94-13 DUPL
9444

tit
tit
tit
tit
tit

8/16/85
8/16/85

ll/lS/'Sii
8/16/85
8/16/85

19227
19290

NO FUS REP,
Defth 11/19/85
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201 -
202 -
203 -
204 -
205 -
204 -
207 -
208 -
209 -
210 -
211 -
212 -
213 -
214 -
215 -
216 -
217 -
218 -
219-
220 -
221 -
222 -
223 -
224 -
225 -
226 -
227 -
228-
229 -
230 -
231 -
232 -
233 -
234 -
235 -
236 -
237 -
O7O£6Q "

239 -
240 -

17- 5- 1- 1
17- 6- 1- 4
17- 6- 1- 7
17- 7- 1- 1
17- 8- 2- 17
17- 9- 2- 17
17- 10- 2- 17
17- 11- 2- 17
17- 12- 2- 1
17- 13- 2- 1

SOIL
SOIL
SOIL
SOIL
UATER
WATER
WATER
WATER
WATER
WATER

SOIL GRID 5 COHP. 5 GRABS
BARE PATCH 1 COHP. 2 GRABS
BARE PATCH 1 COHP, 2 GRABS
BARE PATCH 2 COHP. 2 GRABS
yELL 17-1 SINGLE SAHPLE
WELL 17-2 SINGLE SAHPLE
WELL 17-3 SINGLE SAHPLE
UELL 17-4 SINGLE SAHPLE
POND NO.l SINGLE SAHPLE
POND NO, 2 SINGLE SAHPLE

0-1 FT
0-1 FT
0-1 FT
SURFACE
BAILER
BAILER
BAILER
BAILER
SURFACE
SURFACE

A
D
G
A
Q
Q
Q
Q
A
A

I
I
I
I
-
-
-
-

KiN
K»N

P
P»U
PiU
PiU
-
-
-
-
R
R

X
U
U
U
-
-
-
-
U
U

84
85
586
86
87
88
89
90
91
92

9445
9446
9271
9447 FyS
9448
9449
9450 UUPL
9451
3248
3249

*1» 8/16/EI5
*1* 8/16/85
«lt 11/1B/EI5
tit 8/16/85
.1.
.1,
.1.
.1.
tit 7/25/115
m 7/25/B5

GROUP: *6 SITE: IBJAREA 13 LOADING PLATFORM

18- 1- 1- 1
18- 2- 1- 1
18- 3- 1- 1
18- 4- 1- 1
18- 4- 1- 6

SOIL.
SOIL
SOIL
SOIL
SOIL

%

LOADING DOCK N COMP. 20 GRABS
LOADING DOCK S COHP. 20 GRABS
LOADING DOCK E COHP. 2 GRABS
LOADING DOCK U COHP. 2 GRABS
LOADING DOCK W COHP. 2 GRABS

0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT

GROUP: «6 SITE: MAREA 13 BUNKER

19- 1- 1- 1
19- 2- 1- 1
19- 3- 1- 1
19- 3- 1- 6
19- 4- 1- 1
19- 5- 1- 1

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

SOIL GRID NE COHP. 14 GRABS
SOIL GRID SE COHP. 14 GRABS
SOIL GRID NW COHP. 14 GRABS
SOIL GRID NW COHP. 14 GRABS

SOIL GRID FRONT COHP. 10 GRABS
EiR. PATCH TRANSECT COHP. 3 GRABS

0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT

A
A
A
A
F

J
J
J
I
I

Q
Q
Q
P,Q
PiQ

Y
Y
U
U
y

93
94
95
96

587

9452 F«S
9453 UUPL
9454
9455
9272

tit 8/15/135
tit 8/15/35
tit 8/15/85
*1* 8/15/35
tit 11/19/135

1-3

A
A
A
F
A
A

GROUP: »6 SITE: JOJHUNITIONS CONTROL

30- 1- 1- 4 SOIL MUNITION CONTROL SINGLE SAHPLE SURFACE D

J
J
J
J
J
J

SITE

-

Q
Q
Q
Q
Q
QrU

T

Y
Y
Y
Y
Y
X

U

97
98
99
588
100
101

102

9456
9457
9458
9273
9459 SPKE
9460 FUS

9461 DUPL FUS

*1* 8/16/B5
*1* 8/16/85
*lt 8/16/85
tit 11/19/85
tit 8/16/B5
tit 8/16/85

tit 8/16/85

19219

19223

19268

19289 BUNKER 1-11
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241 -
242 -
243-
244 -
245 -
244 -
247 -
248 -
249 -
250 -
251 -
252 -
253 -
254 -
255 -
256 -
257 -
258 -
259 -
260 -
261 -
262 -
263 -
264 -
265 -
266 -
267 -
268 -
269 -
270 -
271 -
272 -
273 -
274 -
275 -
276 -
277 -
278 -
279 -
280 -

30- 1- 1-
30- 2- 2-

7 SOIL
9 WATER

MUNITION CONTROL SINGLE SAMPLE
MUNITION CONTROL SINGLE SAMPLE

SURFACE
BAILER

G
I

GROUP; *7 SITE; 21 '.SOUTHEAST CORNER

21- 1- 1-
21- 1- 1-
21- 2- 1-
21- 3- 1-
21- 4- 1-

22- 1- 2-
22- 2- 3-
22- 2- 3-

1 SOIL.
6 SOIL
1 SOIL
1 SOIL
1 SOIL

1 UATER
1 SEDIMENT
6 SEDIMENT

TRANSECT 1 COMP, 6 GRADS
TRANSECT 1 COHP, 6 GRABS
TRANSECT 2 COHP. 6 GRABS
TRANSECT 3 COMP. 6 GRABS
TRANSECT 4 COMP. 6 GRABS

GROUP; *s SITE; 22:010

POOL UATER SINGLE GRAB
STREAM SEDIMENTS COMP. 2 GRABS
STREAM SEDIMENTS COMP. 2 GRABS

0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT

A
F
A
A
A

-
-

FIELD

J
J
J
J
J

T
T

Q
Q
Q
Q
Q

U
U

Y
Y
Y
Y
Y

589
103

104
590
105
106
107

9274 FUS
9462

9463 DUSP
9275
9464
9465
9466

til 11/19/1)5
.1.

*lt 8/14/35 19224 1st. SPKE 14138
tit 11/19/85
tit 8/14/35 4th FROh RD.
til 8/14/65 6th FROM RD.
tit 8/14/35 8th FROM RD,

REFUGE SHOP

SURFACE
0-1 FT
0-1 FT

A
A
F

KtN
K
K

P
Q»R
QiR

U
U
U

108
109
591

3256
3384 KUS
9276

tit 7/25/85
tit 7/25/85
tit 12/05/85

GROUP: *e SITE; 24;pEPSi-tiEST

24- 1- 2-
24- 2- 3-
24- 2- 3-

25- 1- 2-
25- 2- 3-
25- 3- 3-

i UATER
1 SEDIMENT
6 SEDIMENT

1 UATER
4 SEDIMENT
7 SEDIMENT

PEPSI-UEST COMP. 3 GRABS
PEPSI-UEST COMP. 3 GRABS
PEPSI-UEST COMP. 3 GRABS

GROUP; *8 SITE; 2s:c.o

COC DOUNSTREAM COMP. 3 GRABS
COC DOUNSTREAM COMP. 3 GRABS
COC DOUNSTREAM COMP. 3 GRABS

SURFACE
0-1 FT
0-1 FT

. CREEK AT

SURFACE
0-1 FT
0-1 FT

A
A
F

KiN
K
K

R
R
R

U
U
U

110
111
593

3254
2711
9278 SPKE

tit 7/25/85
tit 7/25/85
tit 12/05/85 19262

MARION LF

A
D
G

K.N
K
K

R
R
R

U
U
U

112
113
594

3243
3388
9279

tit 7/25/85
tit 7/25/85
tit 12/05/85
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281 -
282 -
283 -
284 -
285 -
286-
OO12o/ -
288 -
289 -
290 -
291 -
292 -
293 -
294 -
295 -
296 -
297 -
298 -
299 -
300 -
301 -
302 -
303 -
304 -
305 -
306 -
307 -
308 -
309 -
310 -
311 -
312 -
313-
314 -
315 -
316 -
317 -
318 -
319 -
320 -

25- 3-
25- 4-
25- 5-
25- 6-

26- 1-
26- 2-
26- 3-
26- 4-

27- 1-
27- 2-

2-
3-
2-
3-

2-
3-
2-
3~

2-
3-

1 UATER
1 JiEDIHENT
1 UATER
1 5IEDIHENT

1 UATER
1 .'OIHENT
1 UATER
1 iOIMENT

1 UATER
4 iiEDIHENT

COC UPSTREAH COHP, 3 GRABS
COC UPSTREAH COHP. 3 GRABS

LF POND COHP. 3 GRABS
LF POND COHP. 3 GRABS

*

GROUP: *8 SITE: 26:c

COC AT S. CARBON COHP, 3 GRABS
COC AT S, CARBON COHP, 3 GRABS
COC AT COURT ST, COHP, 3 GRABS
COC AT COURT ST. COHP, 3 GRABS

GROUP: is SITE: 2?;c

COC AT CHAHHNESS COHP. 3 GRABS
COC AT CHAHHNESS COHP. 3 GRABS

SURFACE
0-1 FT
SURFACE
0-1 FT

,0, CREEK

SURFACE
0-1 FT
SURFACE
0-1 FT

,0, CREEK

SURFACE
0-1 FT

GROUP: *9 SITE: 28:uATER TOUER

28- 1-
28- 2-
28- 2-
28- 3-
28- 4-
28- 5-
28- 6-
28- 7-
28- 8-
28- 9-
28- 10-
28- 11-

1-
1-
1-
1 —

1™

1-
1-
2-
2-
1-
1-
1-

4 SOIL
1 SOIL
7 SOIL
1 SOIL
1 SOIL
1 SOIL
1 SOIL
19 UATER
19 UATER

HAIN GULLY COHP. 8 GRABS
TRANS, GULLY COHP, 6 GRABS
TRANS, GULLY COMP. 6 GRABS
SOIL GRID 1 COHP, 6 GRABS
SOIL GRID 2 COHP, 6 GRABS
SOIL GRID 3 COHP, 6 GRABS
SOIL GRID 4 COHP, 6 GRABS
WELL 28-1 SINGLE GRAB
UELL 28-2 SINGLE GRAB

1 SOIL SOUTH END OF DITCH GRAB
1 SOIL NORTH END OF DITCH GRAB
1 SOIL NORTH OF 28-4 GRAB

0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT
BAILER
BAILER
0-1 FT
0-1 FT
0-1 FT

A
A
A
A

BELOU

A
A
A
A

BELOU

A
D

-
-

KiN
K

HARION

KrN
K

KiN
K

T
T
R
R

ST

R
R
R
R

U
U
U
U

U
U
U
U

114
115
116
117

118
119
120
121

9467 DUSP
9468 DUPL
9469
9470 FUS

3244
3391
9471
9472 FUS

tit
tit
tit
tit

tit
tit
tit
tit

B/13/B5
8/13/85
8/13/B5
8/13/85

7/25/85
7/25/85
8/13/85
8/13/85

19215
19256

157 DREDG

K»N
K

R.S
RiS

u
11

122
123

3245
3390

•

tit
tit

7/25/85
7/25/85

LANDFILL

D
A
G
A
A
A
A
S
S
A
A
A

K
IiK
IiK
J
J
J
J
-
-
IiK
IiK
I

R,S
PiR
P»R
Q
Q
Q
Q
V
V
P.R
PiK1

P

X
X
X
X
X
X
X
u
u
u
u
III

124
125
596
126
127
128
129
130
131
132
133
134

9473 DUPL
9474
9281 SPKE
9475 FUS
9476
9477
9478
9479
9480
9481 SPKE
9482
9483

tit
tit
tit
tit
tit
tit
tit
,1,
,1,
tit
tit
tit

8/14/85
8/14/35
11/19/85
8/14/85
8/14/85
8/14/85
8/14/85

8/14/85
8/14/85
8/14/85

19291

19263

19269

SPKE 85576



(PAGE 9) 10:;!2 1AR 29. 1986 /CONWRLIST1

321 -
322 -
323 -
324 -
325 -
326 -
327 -
328 -
329 -
330 -
331 -
332 -
333 -
334 -
335 -
336 -
337 -
338 -
339 -
340 -
341 -
342 -
343 -
344 -
345 -
346 -
347 -
348 -
349 -
350 -
351 -
352 -
353 -
354 -
355 -
356 -
357 -
358 -
359 -
360 -

28- 12-
28- 13-
28- 14-

29- 1-
29- 2-
29- 2-
29- 3-
29- 4-
29- 5-
29- 6-
29- 7-
29- 8-
29- 9-
29- 10-
29- 11-

32- 1-
32- 2-
32- 3-
32- 4-
32- 5-
32- 6-
32- 7-
32- 8-
32- 9-
32- 10-
32- 11-
32- 12-
32- 13-

1- 1
1- 1
1- 1

1- 1
1- 1
1- 7
1- 4
1- 1
1- 1
1- 4
1- 1
2- 19
2- 19
2- L9
2- 19

1- 8
1- 3
1- 3
1- 3
1- 8
1- 3
1- 3
1- 3
1- 8
1- 3
1- 3
1- 3
1- 8

SOIL
SOIL
SOIL

SOIL
SOIL
SOIL
SOIL
SOIL.
SOIL
SOIL.
SOIL
WATER
HATER
HATER
WATER

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

NORTHWEST OF 28-3 GRAB
N. FIELD-OLD 28-9 GRAB

GULLY

t

GROUP;

EAST FACE 1
EAST FACE 2
EAST FACE 2
EAST FACE 3
EAST FACE 4
NORTH FACE 1
NORTH FACE 2
NORTH FACE 3
WELL 29-1
WELL 29-2
WELL 29-3
WELL 29-4

GROUP!

SOIL GRID 1
SOIL GRID 1-0
SOIL GRID 1-1
SOIL GRID 1-2
SOIL GRID 2
SOIL GRID 2-0
SOIL GRID 2-1
SOIL GRID 2-2
SOIL GRID 3
SOIL GRID 3-0
SOIL GRID 3-1
SOIL GRID 3-2
SOIL GRID 4

GRAB

*10 SITE? 29J

COMP. 12 GRABS
COHP. 12 GRABS
COMP. 12 GRABS
COHP. 12 GRABS
COHP. 12 GRABS
COHP. 12 GRABS
COHP. 12 GRABS
COHP. 12 GRABS
SINGLE GRAB
SINGLE GRAB
SINGLE GRAB
SINGLE GRAB

0-1 FT
0-1 FT
0-1 FT

FIRE STATION

Oil FT
Otl FT
Otl FT
Oil FT
OJ1 FT
Oil FT
Oil FT
Oil FT
BAILER
BAILER
BAILER
BAILER

A
A
A

I
I

I»K

P
P

PiR

U
U
U

135
136
137

9484
9485
9486

lit
*lt
tit

8/14/85
8/14/1)5
8/14/U5

LANDFILL

A
A
G
D
A
A
D
A
S
S
S
S

I
I
I
I
I
I
I
I
-
-
-
-

P
P
P
P
P
P
P
P
T
V
V
V

X
X
X
X
X
X
X
X
W
W
W
U

138
139
597
140
141
142
143
144
145
146
147
148

9487 SPKE
9488
9282
9489
9490
9491 DUPL
9492
9493 FWS
9494
9495
9496
9497

tit
tit
tit
tit
tit
tit
tit
tit
.1,
,1,
.1,
,1,

8/13/U5
8/13/35
11/19/35
8/13/35
8/13/35
8/13/B5
8/13/35
8/13/B5

til SITEt 32JAREA 9 LANDFILL

COHP.ei'DEPTHS
TOP CORE COHP.
HID CORE COHP.
BOT CORE COHP.
COHP.ei'DEPTHS
TOP CORE COHP,
HID CORE COHP,
BOT CORE COHP,
COHP.ei'DEPTHS
TOP CORE COHP.
HID CORE COHP.
BOT CORE COHP,
COHP.ei'DEPTHS

0-12 FT
0-6 INCH
6-6,5 FT
11.5-12'
0-12 FT
0-6 INCH
6-6.5 FT
11,5-12'
0-12 FT
0-6 INCH
6-6.5 FT
11.5-12'
0-12 FT

H
C
C
C
H
C
C
C
H
C
C
C
H

LtH
I

LiH
L,H
LiH
I

LiH
LiH
LiH
I

.L.H
L>H
L.H

P
P
P
P
P
P
P
P
P
P
P
P
P

Z
z
Z
z
z
z
z
z
z
z
z
z
z

149
150
151
152
153
154
155
156
157
158
159
160
161

9498
9499
9500 DUPL
10640
10641
10642
10643
10644
10645
10646
10647
10648
10649

tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit

8/24/B5
8/24/85
8/24/B5
8/24/85
8/24/85
8/24/85
8/24/85
8/24/85
8/21/85
8/21/85
8/21/B5
8/21/85
8/21/85

19288

19287

19250
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361 -
362 -
363 -
364 -
365 -
366 -
367 -
368 -
369 -
370 -
371 -
372 -
373 -
374 -
375 -
376 -
377 -
378 -
379 -
380 -
381 -
382 -
383 -
384 -
385 -
386 -
387 -
388 -
389 -
390 -
391 -
392 -
393 -
394 -
395 -
396 -
397 -
398 -
399 -
400 -

32- 14- 1-
32- 15- 1-
32- 16- 1-
32- 17- 1-
32- IB- 1-
32- 19- 1-
32- 20- 1-
32- 21- 1-
32- 22- 1-
32- 23- 1-
32- 24- 1-
32- 25- 1-
32- 26- 1-
32- 27- 1-
32- 28- 1-
32- 29- 1-
32- 30- 1-
32- 31- 1-
32- 32- 1-
32- 33- 1-
32- 34- 1-
32- 35- 1-
32- 36- 1-
32- 37- 1-
32- 38- 1-
32- 39- 1-
32- 40- 1-
32- 41- 1-
32- 42- 1-
32- 43- 3-
32- 44- 3-
32- 45- 3-
32- 46- 3-
32- 47- 3-
32- 48- 3-
32- 49- 3-
32- 50- 3-
32- 51- 3-
32- 52- 3-
32- 53- 3-

3 SOIL
3 SOIL
3 SOIL
8 SOIL
3 SOIL
3 SOIL
3 SOIL
8 SOIL
3 SOIL
3 SOIL
3 SOIL
8 SOIL
3 SOIL
3 SOIL
3 SOIL
8 SOIL
3 SOIL
3 SOIL
3 SOIL
8 SOIL
3 SOIL
3 SOIL
3 SOIL
2 SOIL
2 SOIL
2 SOIL
2 SOIL
2 SOIL
2 SOIL
i SEDIMENT
1 SEDIHENT
1 SEDIHENT
1 SEDIHENT
1 JiEIUHENT
1 EEIUHENT
1 JiEDIHENT
1 EEDIHENT
1 J1EIIIHENT
1 EEDIHENT
1 JiEIUHENT

SOIL GRID 4-0
SOIL GRID 4-1
SOIL GRID 4-2
SOIL GRID 5

SOIL GRID 5-0
SOIL GRID 5-1
SOIL GRID 5-2
SOIL GRID 6

SOIL GRID 6-0
SOIL GRID 6-1
SOIL GRID 6-2
SOIL GRID 7

SOIL GRID 7-0
SOIL GRID 7-1
SOIL GRID 7-2
SOIL GRID 8

SOIL GRID 8-0
SOIL GRID 8-1
SOIL GRID 8-2
SOIL GRID 9

SOIL GRID 9-0
SOIL GRID 9-1
SOIL GRID 9-2
NORTH TRANiiECT 1
NORTH TRANSECT 1
EAST TRANSECT 1
EAST TRANSECT 2
SOUTH TRANSECT 1
SOUTH TRANSECT 2
INT, CREEK 1-0
INT. CREEK 1-1
INT. CREEK 1-2
INT. CREEK 2-0
INT, CREEK 2-1
INT. CREEK 2-2
INT. CREEK 3-0
INT. CREEK 3-1
INT. CREEK 3-2
INT, CREEK 4-0
INT, CREEK 4-1

TOP CORE COHP.
HID CORE COHP.
BOT CORE COHP.
COHP. 01 'DEPTHS
TOP CORE COHP.
HID CORE COHP,
BOT CORE COHP,
COHP, 81' DEPTHS
TOP CORE COHP,
HID CORE COHP,
BOT CORE COHP,
COHP,(?1'DEPTHS
TOP CORE COHP,
HID CORE COHP,
BOT CORE COHP.
COHP. 81' DEPTHS
TOP CORE COHP.
HID CORE COHP.
BOT CORE COHP.
COHP, 61' DEPTHS
TOP CORE COhP,
HID CORE COHP.
BOT CORE COHP.
COHP.e3'INTRVL
COHP.e3'INTRVL
COHP.WINTRVL
COHP.K'INTRVL
COHP,G3'INTRVL
COHP,§3'INTRVL

GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB

0-6 INCH
6-6.5 FT
11.5-12'
0-12 FT

0-6 INCH
6-6.5 FT
11.5-12'
0-12 FT

0-6 INCH
6-6.5 FT
11.5-12'
0-12 FT

0-6 INCH
6-6,5 FT
11,5-12'
0-12 FT

0-6 INCH
6-6,5 FT
11,5-12'
0-12 FT

0-6 INCH
6-6,5 FT
11,5-12'
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
3 FEET
6 FEET

SURFACE
3 FEET
6 FEET
SURFACE
3 FEET
6 FEET

SURFACE
3 FEET

C
C
C
H
C
C
C
H
C
C
C
H
C
C
C
H
C
C
C
H
C
C
C
B
B
B
B
B
B
A
A
A
A
A
A
A
A
A
A
A

I P
L.H P
L.H P
L.H P
I P
L.H P
L.H P
L.H P
I P
L.H P
L.H P
L.H P
I P
L.H P
L.H P
L.H P
I P
L.H P
L.H P
L.H P
I P
L.H P
L.H P
K R or T
K R or T
K R or T
K R or T
K R or T
K R or T
J.K Q.R

J.K.L. Q.R
J.K.L. Q.R
J.K Q.R
MrL> Q.R
J.K.L. Q.R
J.K Q.R

J.K.L. Q.R
J.K.L. Q.R
J.K Q.R
J.K.L. Q.R

Z
Z
Z
I
I
I
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Y
Y
Y
Y
Y
Y
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201

10650
10651
10652
10653
10654 DUPL
10655
10656
10657
10658 FUS
10659
10660 DUPL
10661 DUPL
10662
10663
10664
10665 SPKE
10666 SPKE
10667 FUS
10668
10669 FUS
10670 FUS
10671
10672
10673
10674
10675
10676
10677
10678
10679
10680
10681
10682 FUS
10683
10684
10685 DUPL
10686
10687
10688 FUS
10689

tit 8/21/35
tit 8/21/35
tit 8/21/35
tit 8/22/B5
tit 8/22/35
tit 8/22/85
tit 8/22/35
tit 8/22/B5
tit b/22/135
tit 8/22/35
tit 8/22/35
tit 8/22/B5
tit 8/22/35
tit 8/22/B5
tit 8/22/35
tit 8/23/85
tit 8/23/B5
tit 8/23/85
tit 8/23/B5
tit 8/23/85
tit 8/23/85
tit 8/23/85
tit 8/23/85
tit 8/19/85
tit 8/19/B5
tit 8/19/85
tit 8/19/B5
tit 8/19/85
tit 8/19/B5
tit 8/22/85
tit 8/22/B5
tit 8/22/85
tit 8/22/B5
tit 8/22/65
tit 8/22/B5
tit 8/22/85
tit 8/22/B5
tit 8/22/85
tit 8/23/B5
tit 8/23/85

19249

19251
19252

19281
19280

19257
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401 -
402 -
403-
404 -
405 -
406 -
407 -
408 -
409 -
410 -
411 -
412 -
413 -
414 -
415 -
416 -
417 -
418 -
419 -
420 -
421 -
422 -
423 -
424 -
425 -
426 -
427 -
428 -
429 -
430 -
431 -
432 -
433 -
434 -
435 -
436 -
437 -
438 -
439 -
440 -

32- 54-
32- 55-
32- 56-
32- 57-
32- 58-
32- 59-
32- 60-
32- 61-
32- 62-
32- 63-
32- 64-
32- 65-
32- 66-

3-
3-
3-
3-
3-
3-
3-
2-
2-
2-
1-
1-
1-

1 SEDIMENT INT. CREEK 4-2 GRAB
1 SEDIMENT INT. CREEK 5-0 GRAB
1 SOIMENT INT. CREEK 5-1 GRAB
1 SEDIMENT INT. CREEK 5-2 GRAB
4 SEDIMENT INT. CREEK 6-0 GRAB
4 SEDIMENT INT. CREEK 6-1 GRAB
4 SEDIMENT INT. CREEK 6-2 GRAB
9 HATER UELL 1 SINGLE SAMPLE
9 HATER UELL 2 SINGLE SAMPLE
9 HATER UELL 3 SINGLE SAMPLE
1 SOIL YELLOW SPOT SINGLE SAMPLE
2 SOIL BEFORE CLEANING SINGLE SAMPLE
2 SOIL AFTER CLEANING SINGLE SAMPLE

6 FEET
SURFACE
3 FEET
6 FEET

SURFACE
3 FEET
6 FEET
BAILER
BAILER
BAILER
SURFACE
SURFACE
SURFACE

A
A
A
A
D
D
D
I
I
I
A
B
B

JiKrLi QiR
M Q,R

JfKiLi QiR
J>K»L> QiR
JiK GiR
JiKiL, QiR
MiLr Q.R

T
V
V

I P
K T
K T

Z
z
Z
z
z
z
z
u
u
u
u
u
u

202
203
204
205
206
207
208
209
210
211
558
559
560

10690
10691 DUPL
10692
10693
10694 SPKE
10695
10696
10697
10698
10699
46701
46702
46703

*1*
tl*
m
m
m
m
ti*
.1.
.1.
.1.
*rt
*i*
«i«

8/23/65
8/23/85
8/23/EI5
8/23/85
8/23/85
8/23/155
8/23/85

8/26/85
8/26/U5
8/26/05

GROUP; tii SITE: 33; AREA 9 BUILDING COMPLEX

33- 1-
33- 2-
33- 3-
33- 4-
33- 5-
33- 6-
33- 7-
33- 8-
33- 9-
33- 10-
33- 11-
33- 12-
33- 13-
3J- 14-
33- 15-
33- 16-
33- 17-
33- 18-
33- 19-
33- 20-
33- 21-

1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL.
SOIL
SOIL
SOIL
SOIL

LI3C.
LK.
LOC.
LDC.
LI3C.
LDC.
LOC.
LOC.
LI]C.
LOC.
LUC,
LOC.
LOC.
LOC.
LOC.
LOC.
LQC.
LOC.
LDC.
LOC.
LOC.

1 -
1 -
1 -
2 -
2 -
2 -
3 -
3 -
3 -
4 -
4 -
4 -
5 -
5 -
5 -
6 -
7 -
7 -
7 -
8 -
8 -

1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
M- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
1-1- 25 CORE SURFACE
M- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL
M- 25 CORE VERTICAL
M- 25 CORE VERTICAL
1-1- 25 CORE VERTICAL

0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

J
J,M

J-HJ
J.M
JiM
J
J>M
JiM
J

J»H
J,h
J

J>M
J.M
J
J
J>M
JiH
J

JiM

01
01
01
Ql
01
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
01

z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z

212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

10700 FUS
10701
10702
10703 HUPL
10704
10705
10706
10707
10708
10709
10710
10711
10712
10713
10714
10715 DUPL
10716
10717
10718
10719
10720

tu
tit
tit
tit
tit
*i*
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit

9/23/1)5
9/23/85
9/23/135
9/23/135
9/23/135
9/23/35
9/23/135
9/23/35
9/23/135
9/23/35
9/23/35
9/23/35
9/23/135
9/23/35
V/23/D5
9/23/135
9/23/1)5
9/23/35
9/23/135
9/23/35
9/23/135

19258

19285

19228

19229
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441 -
442 -
443 -
444 -
445 -
446 -
447 -
448 -
449 -
450 -
451 -
452 -
453 -
454 -
455 -
456 -
457 -
458 -
459 -
460 -
461 -
462 -
463 -
464 -
465 -
466 -
467 -
468 -
469 -
470 -
471 -
472 -
473 -
474 -
475 -
476 -
477 -
478 -
479 -
480 -

33- 22-
33- 23-
33- 24-
33- 25-
33- 26-
33- 27-
33- 28-
33- 29-
33- 30-
33- 31-
33- 32-
33- 33-
33- 34-
33- 35-
33- 36-
33- 37-
33- 38-
33- 39-
33- 40-
33- 41-
33- 42-
33- 43-
33- 44-
33- 45-
33- 46-
33- 47-
33- 48-
33- 49-
33- 50-
33- 51-
33- 52-
33- 53-
33- 54-
33- 55-
33- 56-
33- 57-
33- 58-
33- 59-
33- 60-
33- 61-

1- 2
1- 2
1- 2
1- 2
1- 2
1- 4
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 4
1- 2

SOIL.
SOIL
SOIL
SOIL
SOIL.
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
son.
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOU-
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

LOG,
LOG,
LOG.
LOG,
LOC,
LOG.
LDC,
LOC.
LOC,
LOC,
LOC,
LOC,
LOC,
LOC.
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC.
LOC,
LOC,
LOG.
LOC,
LOC,
LOC,
LOC,

8 -
9 -

10 -
11 -
12 -
13 -
14 -
15 -
16 -
17 -
18 -
19 -
20 -
20 -
20 -
21 -
22 -
23 -
24 -
25 -
25 -
25 -
26 -
26 -
26 -
27 -
27 -
27 -
28 -
28 -
28 -
29 -
30 -
31 -
32 -
33 -
34 -
35 -
36 -
37 -

1-1- 25 CORE VERTICAL
1-1- 25 CORE SURFACE
1-1- 25 CORE SURFACE
-1- 25 CORE SURFACE
-1- 25 CORE SURFACE
-1- 25 CORE SURFACE
-1- 23 DITCH
-1- 23 CORE SURFACE
-1- 64 DITCH
-1- 64 CORE SURFACE
-1- 22 DITCH
-1- 21 DITCH
-1- 21 CORE VERTICAL
1-1- 21 CORE VERTICAL
1-1- 21 CORE VERTICAL
1-1- 21 CORE SURFACE
1-1- 21 CORE SURFACE
STAGING DITCH
STAGING DITCH
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 CORE VERTICAL
1-1- 24 DITCH
1-1- 24 DITCH
1-1- 24 DITCH
1-1- 24 DITCH
1-1- 20 CORE SURFACE
1-1- 20 CORE SURFACE
1-1- 20 CORE SURFACE
1-1- 20 CORE SURFACE
1-1- 19 CORE SURFACE

2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 KOOT
0-1 FOOT
0-6 INCH
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-6 INCH

B
B
B
B
B
D
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
D
B

J,H
J
J
J
J
J
K
J
K
J
K
K
J
JiH
JiH
J
J
K
K
J

J»H
JiH
J
JiM
JtH
J

J.H
JtH
J
J.M
JiH
K
K
K
K
J
J
J
J
J

01
Ql
01
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
01
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Gl
Ql
Ql
Ql
Ql
Ql
01
Ql
Ql
Ql
Gl

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272

10721
10722 DUPL
10723 FWS
10724
10725 SPKE
10726
10727
10728 DUPL
10729
10730
10731
10732
10733 FUS
10734
10735
10736 DUPL
10737
1073B
10739
10740
10741
10742
10743
10744
10745 SPKE
10746
10747
10748
10749
10750
10751
10752
10753 FUS
11641 SPKE
11642 DUPL
11643
11644
11645
11646
11647

tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit

9/23/U5
9/23/35
9/23/U5
9/23/35
9/23/35
9/23/B5
9/23/85
9/23/35
9/23/35
9/23/35
9/23/35
9/23/35
9/24/35
9/24/35
9/24/35
9/24/B5
9/24/35
9/23/B5
9/23/35
9/23/B5
9/23/B5
9/23/B5
9/23/B5
9/23/85
9/23/B5
9/23/85
9/24/B5
9/24/85
9/24/B5
9/24/85
9/24/85
9/24/85
9/24/B5
9/24/85
9/24/35
9/24/B5
9/24/35
9/24/85
9/24/35
9/24/85

19230

19270

19231

19232

19271

19272
19233
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481 -
482 -
483-
484 -
485-
486 -
487 -
488 -
489 -
490 -
491 -
492 -
493 -
494 -
495 -
496 -
497 -
498 -
499 -
500 -
501 -
502 -
503 -
504 -
505 -
506 -
507 -
508 -
509 -
510 -
511 -
512 -
513-
514 -
515 -
516 -
517 -
518 -
519 -
520 -

33- 62-
33- 63-
33- 64-
33- 65-
33- 66-
33- 67-
33- 68-
33- 69-
33- 70-
33- 71-
33- 72-
33- 73-
33- 74-
33- 75-
33- 76-
33- 77-
33- 78-
3i- 79-
33- 80-
33- 81-
33- 82-
33- 83-
33- 84-
3J- 85-
33- 86-
33- 87-
33- 88-
33- 89-
33- 90-
33- 91-
33- 92-
33- 93-
33- 94-
33- 95-
33- 96-
33- 97-
33- 98-
33- 99-
33-100-
33-101-

1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
I- 2
1- 2
1- 2
1- 2
1- 2

SOIL
SOU.
SOIL
SOIL
SOIL
SOU.
SOIL
SOIL
SOIL
SOIL
SOIL.
SOIL
SOIL.
SOIL
SOIL.
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

LOG,
LDC,
LOG,
LUC,
LOG,
LOG,
LOG,
LOG,
LUC,
LOG,
LOG,
LOG,
LDC.
LOG,
LOG.
LOG.
LOG,
LOG.
LOG,
LOG,
LOG,
LOG,
LOG,
LOG.
LOG,
LOC.
LOG,
LOG,
LOC,
LOG,
LOG,
LOC,
LOG,
LOC,
LOG,
LOC,
LOC,
LOC,
LOC,
LOC,

38 -
38 -
38 -
39 -
40 -
41 -
41 -
41 -
42 -
43 -
44 -
44 -
44 -
45 -
56 -
56 -
56 -
57 -
58 -
46 -
46 -
46 -
47 -
48 -
49 -
49 -
49 -
50 -
51 -
51 -
51 -
52 -
53 -
54 -
54 -
54 -
55 -
59 -
60 -
61 -

1-1- 2 CORE VERTICAL
1-1- 2 CORE VERTICAL
1-1- 2 CORE VERTICAL
1-1- 2 CORE SURFACE
1-1- 2 CORE SURFACE
1-1- 2 CORE VERTICAL
1-1- 2 CORE VERTICAL
1-1- 2 CORE VERTICAL
1-1- 2 CORE SURFACE
1-1- 2 CORE SURFACE
1-1- 2 CORE VERTICAL
1-1- 2 CORE VERTICAL
1-1- 2 CORE VERTICAL
1-1- 2 CORE SURFACE
1-1- 2 CORE VERTICAL
I-l- 2 CORE VERTICAL
1-1- 2 CORE VERTICAL
I-l- 2 CORE SURFACE
I-l- 2 CORE SURFACE
I-l- 5 CORE VERTICAL
I-l- 5 CORE VERTICAL
I-l- 5 CORE VERTICAL
I-l- 5 CORE SURFACE
I-l- 5 CORE SURFACE
I-l- 5 CORE VERTICAL
I-l- 5 CORE VERTICAL
I-l- 5 CORE VERTICAL
I-l- 5 CORE SURFACE
I-l- 5 CORE VERTICAL
I-l- 5 CORE VERTICAL
I-l- 5 CORE VERTICAL
I-l- 5 CORE SURFACE
I-l- 5 CORE SURFACE
I-l- 35 CORE VERTICAL
I-l- 35 CORE VERTICAL
I-l- 35 CORE VERTICAL
I-l- 35 CORE SURFACE
I-l- 1 CORE SURFACE
I-l- 1 CORE SURFACE
I-l- 1 CORE SURFACE

0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

J
J»M
J»H
J
J
J

J»h
J,H
J
J
J

J,t1
J>H
J

< J
JrH
Jih
J
J
J

JiM
J»H
J
J
J
J.H
J.H
J
J
Jih
JfM
J
J
J

J.H
J.H
J
J
J
J

Ql
01
Ql
01
Ql
Ql
01
Ql
Ql
Ql
Ql
01
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
2
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
m
311
312

11643
11649
11650
11651 BURL
11652 FUS
11653
11654
11655
11656
11657
11658
11659
11660
11661 BUPL
11662
11663
11664
11665 SPKE
11666
11667
11668
11669
11670
11671
11672
11673
11674
11675 FUS
11676
11677
11678
11679 DUPL
11680 SPKE
11681
11682
11683
11684
11685 BUPL
11686
11687

*1*
*1*
*1*
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit

9/24/65
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/135
9/24/85
9/24/135
9/24/135
9/24/135
9/24/135
9/24/85
9/24/35
9/24/B5
9/24/B5
9/24/85
V/24/B5
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
V/25/85
9/25/85

19234

19235

19273

19236
19274

19237
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521 -
522 -
523 -
524 -
525 -
526 -
527 -
528 -
529 -
530 -
531 -
532 -
533 -
534 -
535 -
534 -
537 -
538 -
539 -
540 -
541 -
542 -
543 -
544 -
545-
546 -
547 -
548 -
549 -
550 -
551 -
552 -
553 -
554-
555 -
556 -
557 -
558 -
559 -
560 -

33-102-
3M03-
33-104-
33-105-
33-106-
33-107-
33-108-
33-109-
33-110-
33-111-
33-112-
33-113-
33-114-
33-115-
33-116-
33-117-
33-118-
33-119-
33-120-
33-121-
33-122-
33-123-
33-124-
33-125-
33-126-
33-127-
33-128-
33-129-
33-130-
33-131-
33-132-
33-133-
33-134-
33-135-
33-136-
33-137-
33-138-
33-139-
33-140-
33-141-

1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 4
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2

SOIL
SOIL.
SOIL
sun.
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL.
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL.
SOIL
SOIL
SOIL

LOG,
LDC,
LOC,
LDC.
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LDC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LOC,
LUC,
LOC,
LQC,
LOC,
LDC,
LOC,
LOC,
LOC.

62 - 1-1-
62 - 1-1-
62 - 1-1-
63 - 1-1-
63 - 1-1-
63 - 1-1-
64 - 1-1-
64 - 1-1-
64 -
65 -
65 -
65 -
66 -
66 -
66 -
67 -
67 -
67 -
68 -
68 -
68 -
69 -

-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-

69 - 1-1-
69 - 1-1-
70 - 1-1-
71 - 1-1-
72 - 1-1-
73 - 1-1-
74 - 1-1-
75 - i-1-
75 - 1-1-
75 - 1-1-
76 - 1-1-
77 - 1-1-
77 - 1-1-
77 - 1-1-
78 - 1-1-
79 - 1-1-
80 - 1-1-
80 - 1-1-

3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE SURFACE
3 CORE SURFACE
3 CORE SURFACE
3 CORE SURFACE
3 CORE SURFACE
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE SURFACE
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE VERTICAL
3 CORE SURFACE
3 CORE SURFACE
9 CORE VERTICAL
9 CORE VERTICAL

0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
D
B
B
B
B
B
B
B
B
B
B
B
B

J
JtH
JiH
J

JiH
J.M
J
J.H
J.M
J

JiH
J.H
J
J.M
J,H
J

JiH
Jih
J
Jrh
JtH
J

J.M
JiH
J
J
J
J
J
J

J.M
J.M
J
J

Jih
J.M
J
J
J
J.H

Ql
Ql
Ql
Ql
Ql
01
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
01
Ql

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

11688 SPKE
11689
11690
11691 DUPL
11692
11693
11694 FUS
11695
11696
11697
11698
11699
11700
11701
11702
11703 BUPL
11704
11705
11706 SPKE
11707
11708
11709 FUS
11710
11711
11712
11713 BUPL
11714
11715
11716 DUPL
11717
11718
11719
11720 DUPL
11721
11722
11723
11724 SPKE
11725 FUS
11726
11727

tl*
tl*
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit

9/25/85
9/25/H5
9/25/B5
9/25/05
9/25/515
9/25/1)5
9/24/85
9/24/1)5
9/24/B5
9/24/135
9/24/115
9/24/05
9/24/115
9/24/135
9/24/1)5
9/24/135
9/24/1)5
9/24/H5
9/24/85
9/24/35
9/24/1)5
9/24/135
9/24/135
9/24/135
9/25/135
9/25/35
V/25/135
9/24/135
9/25/135
9/23/85
9/23/135
9/23/135
9/23/1)5
9/23/135
9/23/1)5
9/23/135
9/23/135
9/23/35
9/24/135
9/24/35

19275

19238

19239

19276

19240

19241

19242

19277
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561 -
562 -
563 -
564 -
565 -
566 -
567-
568 -
569 -
570 -
571 -
572 -
573 -
574 -
575 -
576 -
577 -
578 -
579 -
580 -
581 -
582 -
583 -
584 -
585 -
586 -
587 -
588 -
589 -
590 -
591 -
592 -
593 -
594 -
595 -
596 -
597 -
598 -
599 -
600 -

33-142-
33-143-
33-144-
33-145-
33-146-
33-147-
33-148-
33-149-
33-150-
33-151-
33-152-
33-153-
33-154-
33-155-
33-156-
33-157-
33-158-
33-159-
33-160-
33-161-
33-162-
33-163-
33-164-
33-165-
33-166-
33-167-
33-168-
33-169-
33-170-
33-171-
33-172-
33-173-
33-174-
33-175-
33-176-
33-177-
33-178-
33-179-
33-180-
33-181-

1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 4
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2
1- 2

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
iJOIL
SOIL
SOIL

LOG.
LOC,
LOG,
LOG.
LOG.
LOG,
LOC,
LOC,
LOC,
LOC,
LOC.
LOC,
LOC,
LOC,
LOC.
LOC,
LOC,
LOC,
LOC,
LOC.
LOC,
LOC.
LOC.
LOC,
LOC,
LOC.
LOG.
LOC.
LOC,
LOC.
LOC.
LOG,
LOG,
LOC,
LOG,
LOC.
LOC.
LOC.
LOC.
LOC,

80 -
81 -
82 -
83 -
83 -
83 -
84 -
84 -
84 -
85 -
85 -
U5 -
86 -
86 -
86 -
87 -
87 -
87 -
88 -
38 -
88 -
89 -
89 -
89 -
90 -
90 -
90 -
91 -
91 -
91 -
92 -
92 -
92 -
93 -
93 -
93 -
94 -
95 -
96 -
96 -

1-1- 9 CORE VERTICAL
1-1- 9 CORE SURFACE
1-1- 9 CORE SURFACE
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-l-2iC CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL
I-1-23C CORE SURFACE
I-1-23C CORE SURFACE
I-1-23C CORE VERTICAL
I-1-23C CORE VERTICAL

2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FEET

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
D
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

JiH
J
J
J

J»H
JiH
J
JiH
J,h
J

J»H
JtH
J
JiH
JiH
J

J,M
J»M
J
J.H
J.h
J

J»H
J.H
J
J.H
J.H
J

J-H
J.H
J
J.H
J,H
J

J.H
J.H
J
J
J
J.H

01
Ql
Ql
Ql
Gl
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
01
Ql
Ql
Ql
Ql
Ql
01
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql
Ql

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392

11728
11729
11730
11731 BUPL
11732
11733
11734
11735
11736
11737
11738
11739
11740
11741 DUPL
11742
11743
11744
11745
11746
11747
11748
11749 DUPL
11750
11751
11752 FUS
11753
11754 SPKE
11755
11754 SPKE
11757
11758
11759
11760 DUPL
11761
11762
11763
11764
11765
11766 DUPL
11767

til
tit
tit
tit
tl*
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit

9/24/135
9/23/35
9/23/135
9/25/85
9/25/135
9/25/35
V/25/135
9/25/35
9/25/135
9/25/35
9/25/35
9/25/35
9/25/135
9/25/B5
9/25/35
9/25/85
9/25/B5
9/25/85
9/25/B5
9/25/85
9/25/85
9/25/85
9/25/85
9/25/85
9/25/85
9/25/85
9/25/85
9/25/85
9/25/B5
9/25/85
9/25/85
9/25/85
V/25/B5
9/25/85
9/25/85
9/25/85
9/25/85
9/25/85
9/25/85
9/25/85

19243

19244

19245

19278

19279

19246

19247
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601 -
602 -
603 -
604 -
605 -
606 -
607 -
608 -
609 -
610 -
611 -
612 -
613 -
614 -
615 -
616 -
617 -
618 -
619 -

621 -
622 -
623 -
624 -
625 -
626 -
627 -
628 -
629 -
630 -
631 -
632 -
633 -
634 -
635 -
636 -
637 -
638 -
639 -
640 -

33-182- 1-
33-183- 1-
33-184- 1-
33-185- 1-
33-186- 1-
33-187- 1-
33-188- 1-

2 SOIL LOC, 96 - I- -23C CORE VERTICAL
2 SOIL LOC, 97 - I- - 9 SURFACE COHP,
2 SOIL LOC, 98 - I- - 15 SURFACE COHP,
2 SOIL LOC, 99 - I- - 1 SURFACE COHP,
2 SOIL LOC, 100 - I- - 29 SURFACE COHP,
2 SOIL LOC, 101 - I- - 8 SURFACE COHP,
2 SOIL LOC. 102 - I- - B SURFACE COHP,

GROUP; tn SITE: 35:

35- 1- 3-
35- 1- 3-

1 SEDIHENT
6 JOIHENT

UATERUAY
WATERWAY

COHP. 5 GRABS
COHP. 5 GRABS

GROUP: ti2 SITE: 34:

34- 1- 2-
34- 2- 2-
34- 3- 2-
34- 4- 2-
34- 5- 2-
34- 6- 2-
34- 7- 2-
34- 8- 2-
34- 9- 2-
34- 10- 2-
34- 11- 2-
34- 12- 2-
34- 13- 2-
34- 14- 2-
34- 15- 2-
34- 16- 3-
34- 17- 3-
34- 18- 3-
34- 19- 3-

5 UATER
5 UATER

REFUGE INTAKE
HAR ION INTAKE

5 UATER KARIDN RES, -INTAKE
5 UATER REFUGE TREATED H20
5 UATER fiARION TREATED H20
9 UATER
9 UATER
9 UATER
9 UATER
9 UATER
9 UATER
9 UATER
9 UATER
9 UATER
9 UATER
8 SEDIMENT
8 iOIHENT
9 SEDIHENT
9 liEDIHENT

LAKE 1 B
LAKE 2 C
LAKE 3 G
LAKE 4 H
LAKE 5 A
LAKE 6 D
LAKE 7 E
LAKE 8 F
LAKE 9 I
LAKE 10J
LAKE 1 B
LAKE 2 C
LAKE 3 G
LAKE 4 H

GRAB
GRAB
GRAB
GRAB
GRAB

COHP.3 DEPTHS
COHP.3 DEPTHS
COHP.3 DEPTHS
COHP.3 DEPTHS
COHP.3 DEPTHS
COHP.3 DEPTHS
COHP.3 DEPTHS
COHP.3 DEPTHS
COHP.3 DEPTHS
COHP.3 DEPTHS

GRAB
GRAB
GRAB
GRAB

2-3 FEET
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT

B
B
B
B
B
B
B

JiH
J
J
J
J
J
J

Ql
Ql
Ql
01
Ql
Ql
Ql

z
X
X
X
X
X
X

393
394
395
396
397
398
399

11768
11769
11770
11771
11772
11773 DUPL
11774 FMS

tit 9/25/1)5
tit 9/25/135
tit 9/25/135
tit 9/25/135
tit V/25/135
tit 9/25/35
tit 9/25/135

19248

AREA 9 EAST UATERUAY

0-1 FT
0-1 FT

A
F

I
I

P
P

Y
Y

548
598

19208
9283

tit 8/13/B5
tit 11/18/85

CRAB ORCHARD LAKE

NA
NA
NA
NA
NA

SURF-0,8 FT
SURF-0,8 FT
SURF-0,8 FT
SURF-0,8 FT
SURF-0,8 FT
SURF-0,8 FT
SURF-0,8 FT
SURF-0,8 FT
SURF-0,8 FT
SURF-0,8 FT

DREDGE
DREDGE
DREDGE
DREDGE

E
E
E
E
E

H
H
I
I

-
-
-
-
-
0
0
0
0
0
0
0
0
0
0
K
K
K
K

T
T
T
T
T
S
S
S
S
S
S
S
S
S
S
S
S
S
S

U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431

3252
3251
3253
3246
3255
11788
11789 DUPL
11790
11791
11792
11793 SPKE
11794
11795
11796
19159
19160
19161 DUPL
19162 FUS
19163

tit 7/24/85
tit 7/24/85
tit 7/25/85
tit 7/24/85
tit 7/25/85
,1,
,1,
,1,
,1,
,1,
,1,
,1,
,1,
,1,
,1,
,1,
,1,
,1,
,1,

Resaip. 9/24/85
Res3mp, 9/24/85
Resaip, 9/24/85

19218

19265

9286
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641 -
642 -
643 -
644 -
645 -
646 -
647 -
648 -
649 -
650 -
651 -
652 -
653 -
654 -
655 -
656 -
657 -
658 -
659 -
660 -
661 -
662 -
663 -
664 -
665 -
666 -
667 -
668 -
669 -
670 -
671 -
672 -
673 -
674 -
675 -
676 -
677 -
678 -
679 -
680 -

34- 20-
34- 21-
34- 22-
34- 23-
34- 24-
34- 25-
34- 26-
34- 27-
34- 28-
34- 48-
34- 49-
34- 50-
34- 29-
34- 30-
34- 31-
34- 51-
34- 52-
34- 53-
34- 32-
34- 33-
34- 34-
34- 54-
34- 55-
34- 35-
34- 36-
34- 37-
34- 59-
34- 60-
34- 61-
34- 38-
34- 39-
34- 40-
34- 41-
34- 56-
34- 57-
34- 58-

3- 9
3- 9
3- 9
3- 9
3- 9
3- 9
4- I!0
4- 20
4- ;>o
4- 20
4- I!0
4- 20
4- 8
4- 20
4- 8
4- 20
4- :>o
4- 20
4- :io
4- 20
4- ;jo
4- 20
4- HO
4- 20
4- ;io
4- 20
4- ;io
4- 20
4- ;io
4- :20
4- :>o
4- 20
4- :>o
4- :20
4- 20
4- 20

SIIDIHENT
SEDIMENT
SEDIHENT
SEDIHENT
SEDIHENT
SEDIHENT

FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH
FISH

LAKE 5 A
LAKE 6 D
LAKE 7 E
LAKE 8 F
LAKE 9 I
LAKE 10J

LAKE SITE 1 B
LAKE SITE 1 B
LAKE SITE 1 B
LAKE SITE 1 B
LAKE SITE 1 B
LAKE SITE 1 B
LAKE SITE 2 C
LAKE SITE 2 C
LAKE SITE 2 C
LAKE SITE 2 C
LAKE SITE 2 C
LAKE SITE 2 C
LAKE SITE 3 6
LAKE SITE 3 6
LAKE SITE 3 G
LAKE SITE 3 G
LAKE SITE 3 G
LAKE SITE 4 H
LAKE SITE 4 H
LAKE SITE 4 H
LAKE SITE 4 H
LAKE SITE 4 H
LAKE SITE 4 H
LAKE CONTROL J
LAKE CONTROL J
LAKE CONTROL J
LAKE CONTROL J
LAKE CONTROL J
LAKE CONTROL J
LAKE CONTROL J

GRAB
GRAB
GRAB
GRAB
GRAB
GRAB

COHP, 5 CARP
COHP, 5 BASS
COHP. 5 BASS
COHP, 5 BULLHEAD
COHP, 5 BULLHEAD
COHP.2 CATFISH
COHP, 5 CARP
COHP. 5 CARP
COHP. 5 BASS
COHP, 5 BULLHEAD
COHP. 5 BULLHEAD
COHP.5 CATFISH
COHP. 5 CARP
COHP. 5 CARP
COHP. 5 BASS
COHP.5 BULLHEAD
COHP, 5 BULLHEAD
COHP, 5 CARP
COHP. 5 BASS
COHP. 5 BASS

COHP.5 BULLHEAD
COHP.5 BULLHEAD
COHP.4 CATFISH
COHP. 5 CARP
COHP. 5 CARP
COHP, 3 BASS
COHP, 5 BASS
COHP, 5 BULLHEAD
COHP.5 BULLHEAD
COHP.3 CATFISH

DREDGE
DREDGE
DREDGE
DREDGE
DREDGE
DREDGE
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

GROUP; in SITE: SUREFUGE CONTROL

I K
I K
I K
I K
I K
I
T
T
T
T
T
T
H
T
H
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

SITE

S U 432
S U 433
S U 434
S U 435
S U 436

437
438
439
440
460
461
462
441
442
443
463
464
465
444
445
446
466
467
447
448
449
472
473
471
450
451
452
453
468
469
470

19164 SPKE
19165 DUPL
19166 DUPL
19167
19168
19169
19170
19171
19172
19192 FUS
19193
19194
19173 FUS
19174
19175
19195
19196
19197
19176
19177
19178 FUS
19198
19199
19179 FUS
19180
19181
19200
19201
19202
19182
19183
19184 FUS
19185
19203
19204
19205

,1,
,1.
.1.
.1,
.1.
,1.
tl.
tl,
tl,
11,
tl,
tl.
tl,
tl,
tl,
tl.
tl,
tl,
tl,
tl,
tl,
tl,
tl,
tl,
tl.
tl,
tl,
tl,
tl,
tl,
tl,
tl.
tl,
tl,
tl,
tl,

7/23/H5
7/23/1)5
7/23/85
7/23/U5
7/23/85
7/23/135
7/23/85
7/23/H5
7/23/1)5
7/23/1)5
7/23/1)5
7/23/135
7/23/155
7/23/135
7/23/1)5
7/23/35
7/23/135
7/24/35
7/24/135
7/24/135
7/24/135
7/24/135
7/24/1)5
7/24/85
7/24/135
7/24/35
7/24/135
7/24/135
7/24/1)5
7/24/35

19286
19260
19261

3 bullhead 11/8

FUS 11/85

1 bullhead 11/8

1 FUS 11/85

2 bullhead 11/8
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OBI -

682 -
683 -
684 -
685 -
686 -
687 -
inn
ODD "

689 -
ZOA070

691 -
692 -
693 -
694 -
695 -
696 -
697 -
698 -
699 -
700 -
701 -
702 -
703 -
704 -
705 -
706 -
707 -
708 -
709 -
710 -
711 -
712 -
713 -
714 -
715 -
716 -
717 -
718 -
719 -
720 -

31-
31-
31-

40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-

1-
1-
2-

1-
3-
4-
5-
6-
7-
8-
9-
10-
11-
12-
13-
14-
15-
16-
17-
18-
19-
20-
21-
22-
23-
24-
25-
26-
27-
28-
29-
30-

1-
1-
2-

2-
2-
2-
2-
2-
j_

1-
1-
1-
3-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
<_

1-
1-
1-
1-
1-

4
7
9

1
9
9

117
1.9
1
6
1
1
6
1
7
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

SOIL
SOIL
WATER

UATER
UATER
UATER
UATER
UATER
SOIL.
SOIL
SOIL.
SOIL

SEDIHENT
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL.
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL.
SOIL
SOIL.
SOIL
SOIL

REFUGE CONTROL SINGLE SAHPLE SURFACE
REFUGE CONTROL SINGLE SAHPLE SURFACE
REFUGE CONTROL SINGLE SAHPLE BAILER

GROUP; *i4 SITE: ^DUPLICATES

DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE-UELL
DUPLICATE-UELL
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE

D ~ T
G - T
I ~ T

A
I
I
Q
S
A
F
A
A
F
A
G
D
D
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

U 474 19206
U 599 9284
U 475 19207

til 8/14/E5
*1* 11/19/flS
.1.

Near dead tree

476
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505

19215
19217
19218
19219
19220
19221
19222
19223
19224
19225
19226
19227
1922B
19229
19230
19231
19232
19233
19234
19235
19236
19237
19238
19239
19240
19241
19242
19243
19244

DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL

tit
.1.
.1.
.1.
.1.
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit
tit

8/13/EI5

8/14/H5
11/19/85
8/15/1)5
8/14/H5
11/18/135
8/17/85
11/18/H5
9/23/85
9/23/85
9/23/85
9/23/U5
9/24/85
9/23/35
9/24/135
9/24/35
9/24/85
9/24/135
9/25/135
9/24/135
9/25/85
9/25/135
9/23/1)5
9/25/135
9/25/1)5

9467
10697
11789
9450
9494
9402
9251
9453
9463
9261
9417
9270
10703
10715
10722
10728
10736
11642
11651
11661
116/9
11685
11691
11703
11713
11716
11719
11731
11741
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721 -
722 -
723 -
724 -
725 -
726 -
727 -
728 -
729 -
730 -
731 -
732 -
733 -
734 -
735 -
736 -
737 -
738 -
739 -
740 -
741 -
742 -
743 -
744 -
745 -

747 -

749 -
750 -
751 -
752 -
753 -
754 -
755 -
756 -
757 -
758 -
759 -
760 -

40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-
40-

41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-

31-
32-
33-
34-
35-
36-
37-
38-
39-
40-
41-
42-
43-
44-
45-
46-
47-
48-
49-
50-
51-
52-
53-

1-
2-
3-
4-
5-
6-
7-
8-
9-
10-
11-

1-
1-
1-
1-
1-
1-
1-
1-
1-
3-
3-
3-
3-
3-
3-
3-
3-
1-
1-
1-
1-
3-
3-

3-
1-
2-
2-
1-
1-
1-
1-
1-
1-
1-

2
2
2
2
3
3
3
8
4
1
1
1
1
1
7
9
9
1
4
4
4
1
B

6
7
9
19
1
1
1
1
2
2
2

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

SEDIMENT
SEDIMENT
SEDIMENT
EOIMENT
SEDIMENT
SEDIMENT
SEDIMENT
EOIMENT
SOIL
SOIL
SOIL
SOIL

EOIHENT
SEDIMENT

EOHMENT
SOIL
UATER
HATER
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE

EXPLOSIVES ANAL, DUPLICATE
DUPLICATE

GROUP: *14 SITE: 4i:spiKES

SPIKE
SPIKE
SPIKE
SPIKE -HELL
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE

B
B
B
B
C
C
C
H
D
A
A
A
A
A
G
I
I
A
D
D
D
A
H

F
G
I
S
A
A
A
A
B
B
B

506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
549
551
552
553
555
601

19245
19246
19247
19248
19249
19250
19251
19252
19253
19254
19255
19256
19257
19258
19259
19260
19261
19287
19289
19290
19291
9255
9286

DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL

*lt
tl«
*1*
tl*
*lt
tl»
tit
•tit
tit
tit
tit
tit
tit
tit
tit
,1,
,1,
tit
tit
tit
tit
tit
,1,

9/25/35
9/25/85
9/25/85
9/25/85
8/22/85
8/24/85
8/22/B5
8/22/85
8/17/85
8/16/85
8/16/85
8/13/85
B/22/85
8/23/85
11/19/85

8/13/85
8/16/85
8/16/85
8/14/85
7/25/85

11749
11760
11766
11773
10654
9500
10660
10661
9398
9429
19210
9468
10685
10691
9262
19165
19166
9491
9461
9443
9473
3387
19161

523
524
525
526
527
528
529
530
531
532
533

19262 SPKE
19263 SPKE
19264 SPKE
19265 SPKE
19266 SPKE
1«67 SPKE
19268 SPKE
19269 SPKE
19270 SPKE
19271 SPKE
19272 SPKE

tit 12/05/85
tit 11/19/85
.1.
,1.
tit 8/14/B5
tit 8/17/85
tit 8/16/85
tit 8/14/85
tit 9/23/85
tit 9/23/85
tit 9/23/85

9278
9281
19161
11793
9403
9436
9459
9481
10725
10745
11641



(PAGE 20) 10122 HAR 29i 1986 /CONURLIST1

761 -
762 -
763 -
764 -
765 -
766 -
767 -
768 -
769 -
770 -
771 -
772 -
773 -
774 -
775 -
776 -
777 -
778 -
779 -
780 -
781 -
782 -
783 -
784 -
785 -
786 -
787 -
788 -
789 -
790 -
791 -
792 -
793 -
794 -
795 -
796 -
797 -
798 -
799 -
800 -

41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-

42-
42-
42-
42-
42-
42-
42-
42-
42-
42-
42-
42-
42-
42-

12-
13-
14-
15-
16-
17-
18-
19-
20-
21-
24-
25-
26-
27-
28-
29-
30-

1-
2-
3-
4-
5-
6-
7-
8-
9-
10-
11-
12-
13-
14-

1-
1-
1-
1-
1-
1 ™

1-
1-
1-
3-
3-
3-
1-
1-
1-
1-
1-

1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1 —

1-
1-
1-

2
2
2
2
2
2
2
3
8
1
4
9
1
4
4
1
1

1
1
1
1
7
7
8
9

SOIL
SOIL
SOIL
SOIL.
SOIL
SOIL
SOIL
SOIL
SOIL

SI-DIHENT
SBIhENT
SIEDIHENT
SOIL
SOIL
SOIL
SOIL
SOIL

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

EXPLOSIVES ANAL

FI:ELD

GROUP:

- SAND
EXPLOSIVES ANAL
OHiG
OIHG
01)16
OIUG
OIltG
OlttG
OMG
OlttG
OlitG
03SG
OMG
OBSG

LAB
LAB
LAB
LAB
LAB
LAB
LAB
LAB
LAB
LAB
LAB
LAB

SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE

. SPIKE
SPIKE
SPIKE
SPIKE

*14 SITE! 42! BLANKS

BLANK
, BLANK

BLANK
BLANK-
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK

B
B
B
B
B
B
B
C
H
A
D
I
A
D
D
A
A

D
A
A
A
A
A
A
A
A
A
6
G
H
I

534
535
536
537
538
539
540
541
542
543
546
547
550
557
561
562
569

19273 SPKE
19274 SPKE
19275 SPKE
19276 SPKE
19277 SPKE
19278 SPKE
19279 SPKE
19280 SPKE
19281 SPKE
19282 SPKE
19285 SPKE
19286 SPKE
19288 SPKE
46700 SPKE
9256 SPKE
85576 SPKE
14138 SPKE

554
556
563
564
565
566
567
568
570
571
600
602
603
604

19292 BLNK
46699 BLNK
85575 BLNK
46453 BLNK
85608 BLNK
14139 BLNK
2994 BLNK
2995 BLNK
46508 BLNK
46683 BLNK
9285 BLNK
9287 BLNK
9288 BLNK
9289 BLNK

*1* 9/24/135
lit 9/24/35
*1* 9/25/135
*U 9/24/85
*1* 9/23/135
M 9/25/35
*lt 9/25/H5
*lt 8/23/35
*U 8/23/85
*1* 8/16/135
tit 8/23/85
.1.
tit B/13/B5
tit 7/25/135
tit 7/25/115
tit 8/13/135
tit 8/14/85

tit 8/19/85
tit 8/19/85
tit 8/19/85
*lt 8/19/515
tit 8/19/85
tit 8/19/85
tit 8/19/85
tit 8/19/85
tit 8/23/85
tit 8/28/H5
tit 11/20/85
,1,
,1.
,1.

11665
11680
11688
11706
11724
11754
11756
10666
10665
9427
10694
19164
9487
3385
46700
9467
9463
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1 -
2-
3-
4-
5-
6 -
7-
a -
9-
10-
11 -
12 -
13-
14 -
15-
16-
17 -
18-
19-
20-

22-
23-
24 -
25 -
26 -
27 -
28-
29-
30-
31 -
32 -
33-
34 -
35-
36-
37-
38-
39-
40-

ID1 102 103 ID4 ! MATRIX! NAME
ST N MAT A.6

10-
10-
10-
10-
10-
10-

11-
11-
11-
11-
11-

14-
14-
14-
14-
14-

3-
4-
5-
6-
7-
8-

3-
4-
5-
6-
7-

5-
6-
7-
8-
9-

2-
3-
3-
3-
3-
3-

3-
3-
3-
3--
3-

3-
3-
3-
3-
3-

10 HATER
10 SEDIMENT
10 SEDIMENT
10 SEDIMENT
10 SEDIMENT
10 SEDIMENT

11 SEDIMENT
11 SEDIMENT
11 SEDIMENT
11 SEDIMENT
11 SEDIMENT

12 SEDIMENT
12 SEDIMENT
12 SEDIMENT
12 SEDIMENT
12 SEDIMENT

GROUPt 12

W-N HATER -1
UW-N SEDINENT-1
HU-N SEDINENT-2
UU-N SEDIMENT-3
HU-N SEDIMENT-4
UH-N SEDINENT-5

GROUPt 12

P-SE SEDIMENT-1
P-SE SEDIMENT-2
P-SE SEDIMENT-3
P-SE SEDIMENT-4
P-SE SEDINENT-5

GROUP! 13

DITCH -1
DITCH -2
DITCH -3
DITCH -4
DITCH -5

CRAB ORCHARD NATIONAL UILDLIFE REFUGE
SANPLINB AND ANALYSIS SCHEDULE Revised March 17, 1986

PHASE II
! TYPE ! DEPTH !ANAL!DEPTH! LOCA-!INTRvL!SAMP!! LAB REPLICATE SAMPLE

SET TION 1 NO. NDS. NO LAB FUS COLL. DATE
i (RflTinNMF) I

BITEi lOiHATERUORKS NORTH DRAINAGE

COMP. 4 GRABS
QQAQ
CMHD

GRAB
GRAB
enftB
INBV

GRAB

GITEi IhP

GRAB
GRAB
GRAB
GRAB
GRAB

SURFACE
0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT

J
J
J
J
J
J

605
606
607
60S
609
610

66601
66602 DUPL
66603
66604
66605
66606

.2.

.2.

.2.

.2.

.2.

.2.

AREA SOUTHEAST DRAINAGE

0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT

K
K
K
K
K

611
612
613
614
615

66607
66608
66609
66610
66611 DUPL

.2.

.2.

.2.

.2.

.2.

SITE: 14IAREA 14 SOLVENT STORAGE

GRAB
GRAB
GRAB
GRAB
GRAB

0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT

L
L
L
L
L

616
617
618
619
620

66612
66613 DUPL
66614
66615
66616

.2.

.2.

.2.

.2.

.2.

DUPL./SPIKE NOTES
NUMBERS

67440

67441

67442



11* Mil Ml 1M MIMIH
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41 -
42 -
43-
44 -
«.
46-
47 -
48-
49-
50-
51 -
52 -
53-
54 -
53-
56-
57-
58-
59-
£A *Dv

61 -
62-
63 -
64 -
65-
66-
67-
68-
69-
70-
71 -
72-
73-
74 -
75-
76-
77-
78-
79-
80-

GROUPi 14

15- 4- 3- 14 9ED1MEKF PLATINBPOND

GROUPi 14

16-
16-

18-
19-

2-
2-

13
1!

UATER
UATER

DITCH NO. 3
DITCH NO. 4

GROUPi IS

17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-

14-
15-
16-
17-
18-
19-
20-
21-
22-
23-
24-
25-
26-
27-
28-
29-
30-
31-
32-

2-
2-
3-
3-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-

17
17
17
13
Ifi
11
If
If.
If
If,
IE
IE.
17
17
If,
H,
17
17
If

MflTER
UATER

SEDINENr
SEDIMENT
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

POND
POND
POND
POND

SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE

N0.1
NO. 2
N0.1
NO. 2
1-SU
1-SW
1-SE
1-SE
1-4E
1-NE
1-NH
1-NU
2-S
2-S
2-S
2-S
2-S
2-S
2-«

1
1
2
2
3
3
4
4
5
5
6
7
8
8
9

SITE* 15:AREA 7 PLATING POND

CONP. 46MB5 0-1 FT N

SITE: 16iAREA 7 INDUSTRIAL SITE

CONP. 2 GRABS SURFACE
COM*. 2 GRABS SURFACE

0
0

SITEi 17iJOB CORPS LANDFILL

GRAB
GRAB
COOD

GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
6RAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB

SURFACE
SURFACE
0-1 FT
0-1 FT
SURFACE
3FT

SURFACE
3FT

SURFACE
3FT

SURFACE
3FT

SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
3FT

SURFACE

0
Q
Q
Q
P
P
P
P
P
P
P
P
Q
Q
P
P
Q
Q
P

621 66617

622 66618
623 66619

624 66620
625 66621
626 66622
627 66623
628 66624 DUPL
629 66625 FWS
630 66626 SPKE
631 66627
632 66628 DUPL
633 66629
634 66630
635 66631 FWS
636 66632
637 66633
638 66634
639 66635 FWS
640 66636 DUPL
641 66637
642 66638

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

67443

67444

67445

67446
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81 -
82-
83-
84-
85 -
86-
87 -
88-
89-
90-
91 -
92-
93-
94 -
95-
96-
97 -
98-
99 -
100 -
101 -
102-
103 -
104 -
105 -
106-
107 -
108-
109-
110-
111 -
112 -
113-
114 -
115-
116-
117 -
118 -
119-
120-

17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-
17-

33-
34-
35-
36-
37-
38-
39-
40-
41-
42-
43-
44-
45-
46-
47-
48-
49-
50-
51-
52-
53-
54-
55-
56-
57-
58-
59-
60-
61-
62-
63-
64-

1-
1-
i-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
l-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
!••
1-
1-
1-
l-
1-

16
17
17
16
16
17
17
16
16
16
17
16
16
16
16
16
16
16
16
16
16
16
16
16
17
16
17
16
17
16
16
16

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

SOUME
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE
SQUARE

2-E
2-N
2-M
2-N
2-N
2-N
2-*
2-W
2-W
2-U
3-8
3-S
3-S
3-S
3-S
3-S
3-E
3-N
3-*
3-N
3-U
3-U
3-U
3-U
4-E
4-E
4-N
4-N
4H<

10
11
11
12
13
14
14
15
15
16
17
IB
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

6RQUP: M

22-
22-

3-
4-

3-
3-

IB
18

SEDIMENT
SEDINENT

STREAM -
STREAM -

1
2

GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
coonWIW

GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB

SITE:

GRAB
GRAB

SURFACE
SURFACE
3FT
SURFACE
SURFACE
SURFACE
3FT
SURFACE
3FT
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE -
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE

P
Q
Q
P
P
Q
Q
P
P
P
Q
P
P
P
P
P
P
P
P
P
P
P
P
P
Q
P
Q
P
Q
P
P
P

22:OLD REFUSE SHOP

0-1 FT
0-1 FT

R
R

643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
656
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674

66639
66640 DUPL
66641
66642
66643
66644
66645
C££ACDDCnO

66647
66648 DUPL
66649 FWS
66650
66651
66652
66653
66654
66655
66656 SPKE
66657
66658
66659
66660
66661
66662
66663
66664 DUPL
66665
66666
66667
66668
66669
66670

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

67447

67448

67449

67450

675 66671
676 66672

.2.

.2.
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121 -
122-
123-
124-
125-
ipc .1CD

127-
1PA *ICO

129-
130-
131 -
132 -
133-
134 -
135-
136-
137-
138 -
139-
140-
141 -
142-
143-
144 -

146-
147-
148-
149-
150-
151 -
152-
153-
154 -
155-
156-
157 -
158 -
159-
160-

22- 5- 3- Ifl SEDIMENT
22- 6- 3- If SEDIMENT
22- 7- 3- Ifl SEDIMENT

29- 12-
29- 13-
29- 14-
29- 15-
29- 16-
29- 17-
29- 18-
29- 19-
29-20-
29-21-
29-22-
29- 23-
29-24-

- 19 SOIL
- HI SOIL
- IS SOIL
- HI SOIL
- IS SOIL
- HI SOIL
- HI SOIL
- HI SOIL
- HI SOIL
- HI SOIL
- HI SOIL
- HI SOIL
- HI SOIL

32- 67- 3- c! SEDIMENT
32-68- 3- it SEDIMENT
32- 69- 3i- i'. SEDIMENT
32- 70- 3- i! SEDIMENT
32- 71- 3:- i! SEDIMENT
32-72- J- i> SEDIMENT
32- 73- 3r 2! SEDIMENT
32-74- :- i> SEDIMENT
32- 75- Z- K SEDIMENT
32- 76- :i- i.' SEDIMENT
32- 77- 3- K SEDIMENT
32- 78- ;•- i» SEDIMENT

STREAM -3
STREAM-4
STREAM -5

GRQUPt

EAST FACE 5
EAST FACE 5
EAST FACE 6
EAST FACE 7
EAST FACE 8
EAST FACE 9
EAST FACE 10
EAST FACE 10
EAST FACE 11
EAST FACE 12
EAST FACE 13
EAST FACE 13
EAST FACE 14

GROUP!

GRID 1 - 1
GRID 1 - 2
GRID 1 - 3
GRID 1 - 4
GRID 1 - 5
GRID 2 - 1
GRID 2 - 2
GRID 2 - 3
GRID 2 - 4
GRID 2 - 5
GRID 3 - 1
GRID 3 - 2

GRAB
GRAB
GRAB

0-1 FT
0-1 FT
0-1 FT

110 SITE! 29>FIRE STATION

GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB
GRAB

0-1 FT
3FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT
0-1 FT
3FT
0-1 FT
0-1 FT
0-1 FT
3FT
0-1 FT

R
R
R

LANDFILL

S
S
S
S
S
S
S
S
S
S
S
S
S

111 SITES 32:AREA 9 LANDFILL

SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE

SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE

B
B
B
B
B
B
B
B
B
B
B
B

677 66673
678 66674
679 66675

.2.

.2.

.2.

680
681
682
683
684
685
686
687
688
689
690
691
692

66676 DUPL
66677
66678 SPKE
66679
66680 FUS
66681
66682
66683
66684
66685
C£CJk£DDDUO

66687
66688

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

693 66689 DUPL .2.
694 66690 FUS .2.
695 66691 SPKE .2.
696 66692 .2.
697 66693 .2.
698 66694 .2.
699 66695 .2.
700 666% .2.
701 66697 FUS .2.
702 66698 DUPL .2.
703 66699 .2.
704 66700 .2.

67451

67452

67453

67453

67455
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161 -
162 -
163-
164 -
165-
166-
167 -
168-
169-
170-
171 -
172 -
173-
174 -
175-
176-
177 -
178-
179-
180 -
181 -
182-
183-
184 -
185-
186-
187 -
188-
189-
190-
191 -
192 -
193-
194 -
195-
196-
197 -
198-
199-
200-

32- 79-
32-80-
32-81-
32-82-
32-83-
32-84-
32-85-
32-86-
32-87-
32-88-
32-89-
32-90-
32-91-
32-92-
32-93-
32-94-
32-95-
32-95-
32- 97-
32-98-
32-99-
32-100-
32-101-
32-102-
32-103-
32-104-
32-105-
32-106-
32-107-
32-108-
32-109-
32-110-
32-111-
32-112-
32-113-
32-114-
32-115-
32-116-
32-117-
32-1 IB-

S'-
3-
3-
3-
3-
3-
3-
3--
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
3-
1-
3-
3-
3-
3-
3-
3-
3-
3-
3-

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SOIMENir
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENF
SEDIMENT
SEDIMENT
SEDIMENF
SEDINENf
SEDIMENF
SEDIMENF

6RID3
6RID3
6RID3
GRID 4
GRID 4
GRID 4
GRID 4
GRID 4
GRIDS
GRIDS
GRIDS
GRIDS
GRIDS
GRID 6
GRID 6
GRID 6
GRID 6
GRID 6
BAYSE
BAYSE
BAYSE
BAYSE
BAYSE
BAYSE
BAYSE
BAYSE
BAYSE
BAYSE
BAYSE
BAYSE
BAYSU
BAYSU
BAY SH
BAYSU
BAYSU

-

-
-
-
-
-
-

-
-
-
-

--
-
-
-

-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-

BAY MIDDLE
BAY MIDDLE
BAY MIDDLE
BAY NORTH
BAY NORTH

3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
S
1
2
3
4
5
6
7
8
9
10
11
12
1
2
3
4
5
- 1
- 2
- 3
- 1
-2

SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE
SINGLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

705 66701
706 66702
707 66703
708 66704
709 66705
710 66706 DUPL
711 66707
712 66708
713 66709
714 66710
715 66711
716 66712
717 66713
718 66714 SPKE
719 66715
720 66716
721 66717
722 66718
723 66719 FUS
724 66720 DUPL
725 66721
726 66722
727 66723
728 66724
729 66725
730 66726
731 66727
732 66728
733 66729 SPKE
734 66730
735 66731
736 66732
737 66733
738 66734 DUPL
739 66735
740 66736
741 66737
742 66738
743 66739
744 66740

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

67456

67457

67*56

67459

67460
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201 -
202-
203-
204 -
205-
206-
207-
PAD .CUD

209-
P| A .CJV

211 -
212-
213-
214 -
215-
216-
217 -
218-
219-
220-
221 -
222 -
223-
224 -
225-
226-
227-
228-
229-
230-
231 -
232-
233-
234-
235-
236-
237-
238-
239-
240-

32-119-
32-120-
32-121-
32-122-
32-123-

3-
3-
3-
3-
3-

2 SEDIHEHT BAY NORTH - 3
2 SEDINEN1F DAY NORTH - 4
2 SEDIMENT BAY NORTH - 5
2 SEDINENir BAY NORTH - 6
2 SEDINENir BAY NORTH - 7

SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE

SURFACE
SURFACE
SURFACE
SURFACE
SURFACE

GfiOUP: 111 SITE: 33:AREA 9

33-189-
33-190-
33-191-
33-192-
33-193-
33-194-
33-195-
33-196-
33-197-
33-198-
33-199-
33-200-
33-201-
33-202-
33-203-
33-204-
33-205-
33-206-
33-207-
33-208-
33-209-
33-210-
33-211-
33-212-
33-213-
33-214-
33-215-
33-216-
33-217-

1-
1-

-
-
-
-
-
-
-
3-
3-
3-
1-
3-
3-
3-
1-
1-
3-
2i-
31-

-
1-
3-
21-
:i-
j-
:;-
;t-

2
Z
2
2
2
2
2
c
i
I
2
i:
Z
i
Z
i'.
I
i'.
i:
K
i\
V.
i\
9.
i!
i>
?.
\\
i\

SOIL LOG.
SOIL LK.
SOIL LOC.
SOIL LOC.
SOIL LOC.
SOIL LOC.
SOIL LOC.
SOIL LOC.
SOIL LOC.

SEDINENF LOC.
SEDIMENT LOC.
SEDIMENT LOC.
SOIL LOC.

SEDIMENT UK.
SEDIMENF LOC.
SEDIMENT LOC.
SOIL LOC.
SOIL LOC.

SEDIMENT LOC.
SEDIMENT LOC.
SEDIMENT LOC.
SOIL LOC.
SOIL LOC.

SEDIMENT LOC.
SEDIMENT LOC.
SEDIMENT LOC.
SOIL LDC.

SEDIMENT LOC.
SEDIMENT LOC.

103
103
103
104
104
104
105
105
105
106
106
106

25
- --25
- - -25
- - -25

25
- - -25

25
- - -25
- - -25
-NU.DRN6
-NU.DRNB
-NU.DRNB

107 - NU.DRN6
108
108
108

-NU.DRNB
-NW.WW6
-MJ.DRNG

109 - NU.DRNB
110 - NU.DRNB
111
111
111

-NU.DRN6
-NU.DRN6
-MU.DRN6

112 - NU.DRNB
113 - NU.DRNB
114
114
114

-NW.DRN6
-NU.DRNB
"TWiDnnG

115 - NU.DM6
116
116

-NH.DRNB
-MORNS

CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE

VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL

SURFACE CONP.
CORE
CORE
CORE

VERTICAL
VERTICAL
VERTICAL

SURFACE COMP.
SURFACE COW.
CORE
CORE
CORE

VERTICAL
VERTICAL
VERTICAL

SURFACE COMP.
SURFACE COMP.
CORE
CORE
CORE

VERTICAL
VERTICAL
VERTICAL

SURFACE COMP.
CORE
CORE

VERTICAL
VERTICAL

0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-*
2-3
0-1
1-2
2-3
0-1
0-1
1-2
2-3
0-1
0-1
0-1
1-2
2-3
0-1
0-1
0-1
1-2
2-3
0-1
0-1
1-2

B
B
B
B
B

BUILDING COMPLEX

FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

745 66741
746 66742
747 66743
748 66744
749 66745

400 11775 FUS
401 11776
402 11777
403 11778
404 11779 DUPL
405 11780
406 11781 DUPL
407 11782
408 11783
409 11784
410 11785
411 11786
412 11787
750 66746 DUPL
751 66747
752 66748
753 66749 DUPL
754 66750 PUS
755 66751 SPKE
756 66752
757 66753
758 66754
759 66755
760 66756
761 66757 DUPL
762 66758
763 66759
764 66760
765 66761

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2,

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

19216

67461

67462

67463

67464

67476
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241 -
242 -
243-
244 -
245 -
246-
247 -
248-
249-
250 -
251 -
252-
253 -
254 -
255-
256-
257 -
258-
259-
260 -
261 -
262-
263 -
264 -
265-
266-
267 -
268 -
269-
270-
271 -
272 -
273-
274 -
275-
276 -
277 -
278 -
279 -
280 -

33-218- 3- 2 SEDIMENT LOG. 116 -4M.ORN6 CORE
33-S19- 1- 2
33-220-
33-221-
33-222-
33-223-
33-224-
33-225-
33-226-
33-227-
33-228-
33-229-
33-230-
33-231-
33-232-
33-233-
33-234-
33-235-
33-236-
33-237-
33-238-
33-239-
33-240-
33-241-
33-242-
33-243-
33-244-
33-245-
33-246-
33-247-
33-248-

- 2
- 2
- 2
- !:
- 2
- £
- 2

ft

- 2
ft

- 2
- £1
- 2
- g
- e
- «!
- c!
- <!
- fi
- i!
- £
- c!
- f!
- it
- J!
- J!
- i!
- <!
- «!

33-249- li- i>
33-250- - i>
33-251- •- i»
33-252- 1- J>
33-253- !- i»
33-254- 11- i>
33-255- ;- i>
33-256-: 11- i>
33-257- .1- ,2

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

LOG.
LOC.
IOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.

117-
117 -
117-
118 -
118-
118 -
119-
119-
119-
120-
120-
120-
121 -
121 -
121 -
122 -
122 -
122 -
123 -
123 -
123 -
124 -
124 -
124 -
125 -
125-
125 -
126 -
126 -
126 -
127 -
127-
127 -
128 -
128 -
128-
129-
129 -
129-

I--
I- -
I--
I--
I--
1-1-
1-1-
1-1-
1-1-
1-1-
M-
1-1-
1-1-
1-1-
1-1-
1-1-
1-1-
1-1-
1-1-
1-1-
1-1-
1-1-
1-1-
1-1-
1-1-
1-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
1-1-

23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE
23 CORE

VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL

2-3
3-4
4-5
5-6
3-4
4-5
5-6
3-4
4-5
5-6
3-4
4-5
5-6
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-t
1-2
2-3

FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

766 66762
767 66763 FUS
768 66764
769 66765 DUPL
770 66766 DUPL
771 66767
772 66768
773 66769
774 66770
775 66771
776 66772
777 66773 SPUE
778 66774
779 66775
780 66776
781 66777
782 66778
783 66779
784 66780
785 66781
786 66782
787 66783
788 66784 SPKE
789 66785
790 66786
791 66787
792 66788
793 66789
794 66790
795 66791 DUPL
796 66792
797 66793
798 66794
799 66795
800 66796
801 66797
802 66798
803 66799
842 66403
843 66404

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

67477
67465

19283

67466

64492



(PA6E 8) 13t33 APR 2,, 1966 /CONURLIST2

281 -
282 -
283 -
284-
285-
286-
287 -
288-
289-
290-
291 -
292 -
293 -
294 -
295-
2% -
297 -
298-
299 -
300-
301 -
302-
303-
304 -
305 -
30&-
307 -
308 -
309-
310-
311 -
312-
313 -
314 -
315-
316-
317-
318-
319-
320-

33-258-
33-259-
33-260-
33-261-
33-262-
33-263-
33-264-
33-265-
33-266-
33-267-
33-268-
33-269-
33-270-
33-271-
33-272-
33-273-

- 2
- 2
- 2
- a
- 2
- Z
- 2
- Z
- 2
- Z
- 2
- Z
- 2
- Z
- 2
- a

33-274- 1- 2
33-275- 1- i
33-276-
33-277-
33-278-
33-279-
33-280-
33-281-
33-282-
33-263-
33-284-
33-285-
33-286-
33-287-
33-288-
33-289-
33-290-
33-291-
33-292-
33-293-
33-294-
33-295-
33-296-
33-297-

- a
- 2
- 3
- Z
- 2
- a
- 2
- a
- a
- t
- a
- a'
- a
- a
- a
- e
- z
- E:
- a
- i:
- I
- i:

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

LOC.
LOG.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.
LOC.

130-
130-
130 -
131 -
131 -
131 -
132 -
132-
132 -
133-
133-
133-
134 -
134-
134 -
135 -
135-
135-
136 -
136 -
136 -
137 -
137 -
137 -
138 -
138 -
138 -
139 -
139-
139 -
140-
140 -
140 -

-1-23
-1-23
-1-23
-1-23
-1-23
-1-23
-1- 5
-1- 5
-1- 5
-1- 5
-1- 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
- - 5
-- 5
-- 5
-1- 5
-1- 5

141 - NU.DRN6
141 - NU.DRN6
141 - NU.DRN6
142 - NU.DRN6
142 - NU.DRN6
142 - NU.DDN6
143 - NW.DRN6

CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE

VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL

SURFACE CONP.

0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
3-4
4-5
5-6
0-1
1-2
2-3
0-1
1-2
2-3
3-4
4-5
5-6
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1

FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

844 66405
845 66406
846 66407
847 66408
848 66409
849 66410
850 66411 FUS
851 66412
852 66413
853 66414
854 66415
855 66416
856 66417 DIM.
857 66418
858 66419
859 66420
860 66421
861 66422
862 66423
863 66424 SPKE
864 66425
865 66426
866 66427
867 66428
868 66429
869 66430
870 66431
871 66432 SPKE
872 66433
873 66434
874 66435
875 66436 DUPL
876 66437
877 6643B FUS
878 66439
879 66440
880 66441
881 66442
882 66443
883 66444

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

67467

19284

67468

64493
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321 -
322-
323 -
324-
325-
326-
327 -
328-
329 -
330-
331 -
332-
333 -
334-
335-
336 -
337-
338-
339 -
340-
341 -
342-
343 -
344 -
345-
346-
347 -
348-
349-
350-
351 -
352 -
353-
354 -
355-
356-
357 -
358-
359-
360 -

33-298-
33-299-
33-300-
33-301-
33-302-
33-303-
33-304-
33-305-
33-306-
33-307-
33-308-
33-309-
33-310-
33-311-
33-312-
33-313-
33-314-
33-315-
33-316-
33-317-
33-318-
33-319-
33-320-
33-321-
33-322-
33-323-
33-324-
33-325-
33-326-
33-327-
33-328-
33-329-
33-330-
33-331-
33-332-
33-333-
33-334-
33.-33S-
33-336-
33-337-

3-
3-
3-
1-
1-
a-
3-
3-
1-
1-
3-
3-
3-
1-
1-
3-
3-
3-
1-
1-
3-
J-
3-
1-
3-
3r

3;-
3-
3;-
3-
2r

;i-
3;-
»i-
:•!-
;l-
Jt-
;i-
;l-
l\-

2'
c!
2
£
c
i!
2:
c!
2:
c!
2
£
2:
£
c
£
r,c.
c!
£
i!
*•(

<!
ft

11
£
i!
£!
i>
<t
i!
<!
j)
it
j>
<!
i>
j>
i>
i>
i>

SEDIMENT
SEDIMENT
SEDIMENT

LOC.
LOC.
LOC.

SOIL LK.
SOIL LOC.

SEDIMENT
SEDIMENT
SEDIMENT

LOC.
LOG.
LOC.

SOIL LOC.
SOIL LOG.

SEDIMENT
SEDIMENT
SEDIMENT

LOC.
LOC.
LOC.

SOIL LOC.
SOIL LOC.

SEDIMENT
SEDIMENT
SEDIMENT

LOC.
LX.
LX.

SOIL LOC.
SOIL LOC.

SEDIMENT
SEDIMENT
SEDIMENT
SOIL

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
8EDIMEKT
'SEDIMENT

LX.
LX.
LX.
LX.
LX.
LX.
LOC.
LX.
LOC.
LX.
LX.
LK.
LX.
LX.
LK.
LX.
LK.
LX.
LX.
LK.

144
144
144
145

-NU.DRNB
-NU.DRNG
-NU.DRN6
-NU.DRN6

146 - NU.DRN6
147
147
147

-NU.DRNB
-NU.DRN6
-NU.DRNB

148 - NU.DRNB
149 - NU.DRNB
150
150
150

-NU.DRN6
-NU.DRN6
-NU.DRN6

151 - NU.DRNB
152 - NU.DRNB
153
153
153

-NH.DRN6
-NU.DRNB
-NU.DRN6

154 - NU.DRNB
155 - NU.DRNB
156
156
156
157
158
158
158
159
159
159
160
160
160
161
161
161
162
162
162
163

-MI.DRN6
HM.DRN6
-NU.D«N6
-MU.DRN6
-NU.DRNB
-NU.DRNB
-NU.DRN6
"TlN* UlWb

-NU.DRNB
-NU.DRNB
-mDRNB
-NU.DRN6
-NU.DRNB
-NU.DRNB
-NU.DRNB
-NU.DRN6
-NU.DRN6
HW.DRNB
-NU.DRNB
-NU.DRNB

CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
SURFACE COMP.
SURFACE COMP.
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
SURFACE COMP.
SURFACE COMP.
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
SURFACE COMP.
SURFACE COMP.
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
SURFACE COMP.
SURFACE COMP.
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
SURFACE COMP.
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL
CORE VERTICAL

0-1
1-2
2-3
0-1
0-1
0-1
1-2
2-3
0-1
0-1
0-1
1-2
2-3
0-1
0-1
0-1
1-2
2-3
0-1
0-1
0-1
1-2
2-3
0-1
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3
0-1

FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT
FOOT

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

884 66445
BBS 66446 DUPL
886 66447
887 66448
888 66449
889 66450
890 66451
891 66452
892 66453
893 66454
894 66455 DUPL
895 66456
896 66457
897 66458 FUS
898 66459
899 66460
900 66461 DUPL
901 66462
902 66463
903 66464
904 66465
905 66466
906 66467
907 66468
908 66469
909 66470 SPKE
910 66471
911 66472
912 66473
913 66474
914 66475
915 66476
916 66477
917 66478
918 66479
919 66480
920 66481
921 64485 DUPL
922 64486
923 64487 .

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

64494

67469

64495

64497

644%
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361 -
362-
363-
364 -
365-
366-
367 -
368-
369-
370-
371 -
372 -
373 -
374-
375-
376-
377 -
378-
379 -
380 -
381 -
382 -
383 -
384 -
385 -
386-
387-
388 -
389 -
390 -
391 -
392-
393 -
394 -
395-
396-
397 -
398-
399-
400-

33-338-
33-339-
33-340-
33-341-
33-342-
33-343-

1«

3-
1-
1-
1-
1-

£
c!
i
i\
i'.
2>

SEDINEWrLOC. 163
SEDIMENT LOC. 163
SOIL -SPARE
SOIL -SPARE
SOIL -SPARE
SOIL -SPARE

-NH.DRN6 CORE VERTICAL 1-2 FOOT
-NU.DRN6 CORE VERTICAL 2-3 FOOT

6ROUP: 114 SITEi

40- 2-
40-54-
40- 55-
40-56-
40-57-
40-58-
40-59-
40-60-
40-61-
40-62-
40-63-
40-64-
40- 65-
40-66-
40-67-
40-68-
40- 69-
40-70-
40-71-
40- 72-
40-73-
40-74-
40-75-
40- 76-
40-77-
40-78-
40-79-
40-80-

1-
21-
2-
il-

-
,-

-
1-

-,-
-

.•-
il-
;i-
;i-
;j-
li-
11-
11-
i

H-
; -
; -
-

-
-
-

-

2!
10
11;
i,;
Hi
Hi
17
17
Hi
Hi
19
i>
i>
i>
;>
;>
i>
\l
'A
£
i>
a
2
2
2
2
2
2

SOIL
SEDIMENT
SEDIMENT
SEDIMENT
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMEKIT
SEDIMBIT
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE
REPLCTE

40:REPLICATES

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

B
B
B
B
B
B

B
J
K
L
P
P
Q
0
P
P
S
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

924
925
926
927
934
935

477
804
805
806
807
809
810
811
812
814
815
817
819
820
822
824
825
826
827
829
831
833
840
841
928
929
930
931

64488
64489
64490
64491
64498
64499

19216
67440
67441
67442
67443
67445
67446
67447
67448
67450
67451
67453
67455
67456
67458
67460
67461
67462
67463
67465
67467
67469
67476
67477
64492
64493
64494
64495

DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL
DUPL

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

11779
66602
66611
66613
66624
66628
66636
66640
66648
66664
66676
66689
66698
66706
66720
66734
11781
66746
66749
66766
66417
66455
66757
66765
66791
66436
66446
66461
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401-40- 81- 1- £ SOIL
402-
403 -

405-

407-
408 -
409-
410-
411 -
412 -
413-
414 -
415-
416-
417-
418-
419-
420 -
421 -
422 -

424 -
425 -
426-
427 -
428-
429-
430-
431 -
432-
433 -
434 -
435-
436-
437-
438 -
439 -
440-

REPLCTE 2 932 64496 DUPL .2. 644B5

41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-
41-

42-
42-
42-
42-
42-
42-

22-
23-
31-
32-
33-
34-
35-
36-
37-
38-
39-
40-
41-

15-
16-
17-
18-
19-
20-

1-
1-
1-
1-
1-
3-
3-
3;-
-
-
-
-

-
-
-
-
-

i
i'.

16
IE:

If
f)

I
<!
i\
i!
(!
K
i\

i
«!

1(>
11,
16
17

SOIL
SOIL
SOIL
SOIL
SOIL

SROUPi

SEDIMENT
SEDIMENT
SEDIMENT
SOIL
SOIL
SOIL
SOIL
SOIL

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

-SPARE

GROUP:

OBULAB
OBI6LAB
OB&6LAB
OBI6LAB
QBI6LA8
OBI6LAB

114 SITE: 41:MATRIX SPIKES

SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE

ONLY
ONLY
ONLY
ONLY
ONLY
ONLY
ONLY
ONLY
ONLY
ONLY
ONLY
ONLY
ONLY

B
B
P
P
S
B
B
B
B
B
B
B
B

•14 SITE: 42:BLANKS

BLANK
BLANK
BLANK
BLANK
BLANK
BLANK

B
B
J
K
P
Q

544
545
BOB
813
816
818
821
823
B2B
830
832
933
936

834
835
836
837
838
839

19283
19284
67444
67449
67452
67454
67457
67459
67464
67466
6746B
64497
64500

67470
67471
67472
67473
67474
67475

SPKE
SPKE
SPKE
SPKE
SPKE
SPKE
SPKE
SPKE
SPKE
SPKE
SPKE

BLNK
BLNK
BLNK
BLNK
BLNK
BLNK

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

.2.

66773
66424
66626
66656
66678
66691
66714
66729
66751
66784
66432
66470



ATTACHMENT 2

KEY TO RATIONALE FOR SAMPLING DEPTH,
LOCATION AND INTERVAL



ATTACHMENT 2

REMEDIAL INVESTIGATION/FEASIBILITY STUDY
CRAB ORCHARD NATIONAL WILDLIFE REFUGE

SPECIFIC RATIONALE FACTORS
FOR SELECTING SAMPLES AND ANALYSES

FOR PHASE I

KEY TO RATIONALE FACTORS CITED IN ATTACHMENT 2
(Used in Sampling - See Attachment 1)

ANALYSIS SETS

A. Analysis Set A (organics screening, metals, cyanide, indicators,
explosives, nitrogen and phosphorus) is specified for all sites
where few or no previous analytical tests have been conducted.
This sequence of analyses was chosen to enable problem identifica-
tion associated with the range of industries which have operated
on the Refuge. The results of organics screening are used to
determine sampling locations for resampling and analysis by full
CLP protocol (Analysis Set F).

B. Analysis Set B consists only of PCB analysis. This set is spec-
ified only for samples within the Area 9 Building Complex (Site 33)
and portions of the Area 9 Landfill (Site 32) where the spatial
distribution and limits of PCB contamination are to be determined.

C. Analysis Set C consists of PCBs, PCDF/PCDD screening, indica-
tors, nitrogen and cation exchange capacity. Set C analyses are
specified only for intermediate core sections (top, middle and
bottom) within the Area 9 Landfill.

Note: PCDF/PCDD screening in set C has been changed to the full
CLP protocol analysis (addition of Set H) during the initial
sampling effort. This change was necessary to avoid a second
round drilling effort in Phase I (d). This represents a change to
the original Work Plan.

D. Analysis Set D is the same as Analysis Set A, except that
PCDF/PCDD screening is also included. One sample (and some-
times 2 or 3) was selected from each site which was anticipated to
contain PCBs or organics for PCDF/PCDD screening.

E. Analysis Set E consists of the Primary and Secondary Drinking
Water Standards. These are conducted only on the Phase I water
supply samples (Samples 34-1 through 34-5). Phase II Crab
Orchard Lake water column samples (Samples 34-6 through 34-15)
are to be analyzed for a wider range of parameters which will be
selected after evaluation of results from the Phase I sampling
effort. However, at least one water column sample will be an-
alyzed for the full Set G suite of parameters, as requested by
U.S. EPA. This represents a change to the original Work Plan.



F. Analysis Set F is conducted on a second round (Phase I (d))
re-sampling for selected locations which were previously analyzed
for the Set A suite of analyses. It consists of a second round of
organic analyses by full CLP protocol. The rationale for selection
of Set F samples is to choose those samples on a given site which
show the highest concentrations of organics (by FID screening,
PCB, TOC, TOX, or organic nitrogen). The Set F organic CLP
analyses will then establish those parameters to be emphasized
during the Phase II investigation of extent of contamination.

C. Analysis Set C is conducted on a second round (Phase I (d))
re-sampling for selected locations which were previously analyzed
for the Set A or D suites of analyses by full CLP protocol in
addition to PCDF/PCDD analyses by full CLP protocol. The ratio-
nale for selection of Set G samples is similar to that for Set F,
except that Set G is specified on those sites where PCBs (and
hence PCDF/PCDD) are anticipated to be a potential problem.

NOTE: The original Work Plan specified that Priority Pollutant metals
analyses by AA Spectroscopy would be conducted for Set F and G
samples in addition to the ICP screening for the corresponding Set
A and D samples. However, the analytical sensitivity of the ICP
analyses has been adequate. Therefore, the AA Spectroscopy
metals have been dropped from the Set F and G suites. This
represents a change to the original Work Plan.

H. Analysis Set H was previously full CLP protocol PCDF/PCDD
analysis subsequent to screening via Analysis Set C at the Area 9
Landfill. Set H was incorporated into the Set C analyses to avoid
second-round drilling at Area 9 (see note following C above). Set
H has been redefined to consist of organic analyses by full CLP
protocol in addition to PCDF/PCDD analyses by full CLP protocol
and other soil characteristics as in Set D. Set H samples are not
preceded by a set of screening samples.

I. Analysis Set I will be conducted on those samples scheduled to be
collected during the Phase II sampling effort. Samples for Set I
(See Attachment S-4) include groundwater monitoring wells, and
Crab Orchard Lake water, sediment and fish. The Set I suite of
parameters will depend on the analytical results obtained from
Phases la, Ib, Ic and Id.

SAMPLING DEPTHS

I. Visual observations indicate the presence of potential contaminants
(sludges, debris, etc.) at or near the surface.

J. Historic information indicated that contaminants may have been
disposed or spilled in the general geographic area, but visual
observations do not provide guidance to location.



K. Dispersed contaminants from the potential source area are likely to
""* have accumulated at or near the surface of stream bottoms or

drainage swales as a result of sedimentation at points of low flow
velocity.

L. Sampling depths greater than 1 ft were specified because historic
information indicated the possibility that source materials may have
been buried and covered with soil.

M. Sampling depths greater than 1 ft were specified to determine if
vertical dispersion of near-surface contaminants has occurred.

«\\*m+

N. An upper surface water sample is expected to be representative of
the water column as a whole, since stratification is not expected to

.... be significant.

0. Water column samples are specified for a number of intervals of
H>_ depth to determine if contaminants are stratified at different
"""" concentrations.

SAMPLING LOCATIONS

P. Visual observations indicate the presence of potential contaminants
(sludges, debris, etc.) at or near the surface in the location

«-.• specified for sampling.

Q. Historic information indicated that contaminants were disposed or
imt spilled in the general geographic area, but visual observations do

not provide guidance to location. Therefore, lateral composites
were prepared to screen a questionable area. If elevated concen-
trations of contaminants are found within a compositing area then

"'** additional Phase II sampling and analyses may be required to
define the lateral and vertical distribution of the contaminated
area.

HIM* ill

Q1. Previous sampling and analytical data are available covering this
general area. (See Figure 2 of Status Report dated September 11,

(ill( 1985 for illustrated data for the Area 9 Building Complex, Site 33.
Proposed Phase I sampling locations are shown on Figure 1 of that
document). The sampling sites were located to permit the eval-
uation of spatial distributions within previously composited areas.

"'" In addition, the sampling locations attempt to define the limits of
contaminated areas by the sampling of spots expected to be clean
(e.g., outside of ditches and deeper soils underneath contaminated
zones).

R. Dispersed contaminants from a potential source area are likely to
have accumulated within streams or drainage swales downgradient
or adjacent to the source.

S. Surface topography indicates that the specified sampling location is
downgradient from a number of potential source areas. A broader
range of contaminants may be present at this location representing
the area as a whole. However, because of differing mobilities



associated with different contaminants, this downgradient sample
may not be representative of the distribution of materials in the
upgradient sources. In addition, because of dispersion, a down-
gradient sample is likely to be less concentrated than the source
from which it came.

T. The specified sampling location is believed to be located upgradient
of the suspected source area or outside of the dispersion pattern
from the suspected source.

U. The specified sampling location is within or near an area of
stressed or unusual vegetation pattern.

V. Ground water monitoring well is located downgradient from a
suspected source area.

SAMPLING INTERVAL AND NUMBER OF SAMPLES

""*"

W. The suspect area is small in size (1 to 10 sq ft) and well defined,
.̂„,«•<•-"»*'' either because of physical appearance or to evaluate a single-point

^:/~ f*'**.• area. Closely-spaced (2 to 5 ft) lateral composites of from 1 to 4
,,//.• ^ samples are specified to characterize the single-point area.

/ X. The suspect area is large in size (greater than 100 sq ft or longer
than 100 ft). Generally, in the larger compositing areas, there
are few features to suggest whether or not a problem exists, other
than a historic report of past activities in the general area.
Samples are spaced from 20 to 50 ft apart and composited. It was
generally attempted to limit the number of samples in the composite
within the range of 6 to 10, since sensitivity to detecting a hot
spot is reduced as the number of samples in the composite in-
creases.

Z. The sampling interval for vertical samples is self-explanatory on
Table S-2. The objective for obtaining depth samples is to deter-
mine the vertical distribution of buried materials or to evaluate the
limits of vertical migration from a near-surface source material.

o4t- .-:J-^2^
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ATTACHMENT 3

MAGNETOMETER SURVEY PROTOCOL

A grid system will be established upon the ground surface and at

the locus of each point a the total magnetic field will be measured. The

grid spacing will be sufficient to detail the site(s) location and bound-

aries.

A Geometric proton magnetometer. Model G-816/G826 or the equiva-

lent, will be used to conduct the survey. The magnetometer will be

operated in accordance with the operating manual.

A base station will be established outside the survey area in an

area with no known buried or surface ferrous-metallic objects. Read-

ings at the base station will be repeated every one (1) hour and at the

beginning and end of each day. At each point of the grid system, the

station location and magnetometer readings will be entered into the

geologist's field book for later reduction.
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ATTACHMENT 4

ELECTROMAGNETIC TERRAIN CONDUCTIVITY SURVEY PROTOCOL

A grid system will be established upon the ground surface and at

the Locus of each point. A measurement of conductivity will be made

by the Geologist at each locus of points throughout the grid with

supplementary measurements made if deemed necessary.

The instrument utilized will be a GEONICS EM-31 portable. Terrain

Conductivity meter. The instrument shall be operated in accordance

with Guidelines outlined in the operating manual. A permanent record

of results taken in millimhos per meter obtained will be entered into the

geologist's filed book for later reduction.
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METHOD NO. ; 9\\

DATE: 4-21-83

EXPLOSIVES IN SOIL BY HPLC

r APPLICATION; Determination of the following nitro-compounds in soil.

HMX Octahydro-1,3,5,7- tetranitro-1,3,5,7-tetrazocine
BDX Hexahydro-l,3,5-trinitro-s-triazine
NB Nitrobenzene

1,3-DNB 1,3-Dinitrobenzene
1,3,5-TNB 1,3,5-Trinitrobenzene
2,4-DNT 2,4-Dinitrotoluene
2,6-DNT 2,6-Dinitrotoluene

2,4,6-TNT 2,4,6-Trinitrotoluene
Tetryl 2,4,6-Trinitrophenylmethylnitramine

A. Tested Concentration Range;

(•mi

HMX
RDX
NB

1, 3-DNB
1,3,5-TNB
2,4-DNT
2,6-DNT

2,4,6-TNT
Tetryl

0.376-188 ug/g
0.253-127 ug/g
0.197-98.4 ug/g
0.242-121 ug/g
0.215-107 ug/g
0.240-120 ug/g
0.217-109 ug/g
0.301-151 ug/g
0.265-133 ug/g

1. Sensitivity; Peak height near the detection limit. (1 mm - 28
arbitrary units on the integrator readout.) Representative
chromatogram near the detection limit can be found in Appendix I.

Peak Height in mm at
an Attenuation of 2~2

I,

2,

1
3
2
2
4

HMX
RDX
NB

, 3-DNB
,5-TNB
,4-DNT
,6-DNT
,6-TNT
Tetryl

12
18
11
23
20
16
9
19
10

mm
mm
mm
IDD1

mm
mm
mm
mm
mm

for
for
for
for
for
for
for
for
for

0.
0.
0.
0.
0.
0.
0.
0.
0.

754
506
394
485
430
480
434
602
530

ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

-1-
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C. Detection Limits;

HMX
RDX
KB

1,3-DNB
1,3,5-TNB
2,4-DNT
2,6-DNT

2,4,6-TNT
Tetryl

0.376 ug/g
0.474 ug/g
0.197 ug/g
0.242 ug/g
0.231 ug/g
0.240 ug/g
0.217 ug/g
0.301 ug/g
0.265 ug/g

H i

D. Interferences;

1. Any compound that is extracted from soil that gives a retention
time similar to the nitro-compounds and absorbs U.V. at 250 tun.

2. Millipore GFWP-01300 filter type GS pore size 0.22 micrometers
dissolve in the solvent used.

3. Tetryl and 2-amino-4,6-dinitrotoluene coelute. If a tetryl peak
is found in samples, pH adjustment is necessary to separate the
peaks to determine which compound is present.

4. 2,4,6-Trinitrobenzaldehyde decomposes rapidly in water solution.
Once the acetonitrile standard is made into mobile phase this
becomes a problem.

E. Analysis Rate;

After instrument calibration, one analyst can analyze two samples
in one hour. One analyst can conduct sample preparation at a rate
of three samples per hour. One analyst doing both sample preparation
and the HPLC analysis can run 16 samples in an 8-hour day.

CHEMISTRY;

*• Chemical Abstracts Service Registry Number;

HMX 2691-41-0
RDX
MB

1,3-DNB
1.3,5-TNB
2,4-DNT
2,6-DNT

2,4,6-TNT
Tetryl

121-82-4
98-95-3
99-65-01
99-35-4
121-14-2
606-20-2
118-96-7
479-45-8
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ilMill

rhanical Reactions;

1. RDX and HMX can undergo alkaline hydrolysis.

2. RDX and HMX degrade at temperatures greater than 80°C in an
organic solvent.

j ^ physical Properties;

HMX

RDX

NB

1,3-DNB

1,3,5-TNB

2.4-DNT

2,6-DNT

2,4,6-TNT

Tetryl

Formula

C4H8N8°8

C3H6N6°6

C6H5N02

C6H4N2°4

C6H3N3°6

C7W4

C7H6N2°4

C7H5N3°6

C7H5N5°8

Mol. Wt.

296.16

222.12

123.11

168.11

213.11

182.14

182.14

227.13

287.15

M.P.(°C)

276

205

6

90

122

71

66

82

131

B.P.(*C)

-

-

211

302

315

300
(decomposes)

-

240
(decomposes)

187

APPARATUS:

Instrumentation; Per kin Elmer series 4 High Performance Liquid
Chromatograph (HPLC) equipped with a Perkin Elmer ISS-100 Auto-
Injector and Perkin Elmer variable wavelength detector LC-75.
Hewlett Packard 3390 recording integrator in peak height mode
was used to record the data output.
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jt Parameters;

1. Column: Two columns are used in series, in the order listed.
p

a. DuPont Permaphase ODS guard column.

b. DuPont ZorbaxR ODS 4.6 mm i.d. x 25 cm HPLC
column with a particle size.of 5-6 microns.

2. Mobile Phase; The water/methanol ratio must be adjusted as
described in the calibration Section V C to obtain optimum
peak separation.

44-502 water
28-342 methanol

221 acenotrile

3. Flow; 1.6 mL/min with a pressure of approximately 2860 psig.

4. Detector; 250 tun

5. Injection Volume; 50 uL.

6. Retention Times: Minutes

HMX
KDX
NB

1,3 DNB
1,3,5-TNB
2,4-DNT
2,6-DNT

2,4,6-TNT
Tetryl

C. Hardware/Glassware;

3.38
4.21
7.33
6.63
5.74
9.89
9.50
8.93
7.98

1. Syringes: 25 uL, 50 uL, 100 uL, 250 uL,
5 mL gas tight syringe (Hamilton 1005 TEFLL)

2. Serum vials with crimp caps and Teflon-lined septa
Nominal volume of 0.25 mL, 1 mL, 5 mL.

3. Pasteur pipettes and disposable micropipettes.

4. 13 mm stainless steel syringe filter holder
(Rainin Instrument Co., Inc. #38-101)

l.p.4

-4-
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C, Hardware/Glassware: (continued)

5. 13 mm x 0.5 micron fluorocarbon filter
(Rainin Instrument Co., Inc. #38-103 Zefluor disc)

6. Whatman 10 mm glass microfiber prefilter

7. U.S. Sieve series 600 (30 mesh)

8. Aluminum foil pans

9. Liquid chromatograph column 1" o.d. x 12"

10. 2 mL, 3 mL, and 5 mL pipettes

D. Chemicals;

1. Acetonitrile, distilled in glass for HPLC use
2. Methanol, distilled in glass for HPLC use
3. Ethyl Ether, distilled in glass for HPLC use
4. Hexane, distilled in glass for HPLC use
5. ASTM Type II Water
6. SARMs for the nitro-compounds

STANDARDS: All concentrations are based on a stock solution
concentration of 2000 mg/L. Appropriate adjustments should be
»ade if actual concentration varies from this figure.

A. Calibration Standards:

1. Stock Calibration Standards; Stock solutions containing
approximately 2000 mg/L of a nitro-compound are prepared
by accurately weighing 10 mg of a. SARM into a 5 mL serum
bottle and dissolving the nitro-cotapound in 5 mL of
acetonitrile pipetted into the bottle. All compounds
appear to be stable for 3 months.

2. Intermediate Calibration Standards; All compounds appear
to be stable for 3 months.

1. Intermediate Calibration Standard A (high level); Add
the following volumes of stock calibration standard
and seal with a Teflon-lined septum cap. Store in
the dark @ 0°-4°C. The resulting solution (5.8 mL)
will have the concentrations indicated in the following
table.
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Calibration Standards: (continued)

Intermediate Calibration Standard A

flitro-compound

HMX
RDX
NB

1,3-DNB
1,3,5-TNB
2,4-DNT
2,6-DNT

2,4,6-TNT
Tetryl
TNBA*

Amt. (uL) of
Stock Cal.
Std. to add

1000
600
400
500
500
500
.500
700
600
500

Resulting cone.
(ug/mL)

345
207
138
172
172
172
172
241
207
172

*2,4,6-Trinitrobenzaldehyde was originally included for certification.
However, the compound is too unstable in water solutions to obtain
reproducible certification data. It was included in this table as
it affects the total volume used to calculate concentration of the
other nitro—compounds.

b. Intermediate Calibration Standard B (low level);

Pipette 4.5 mL of acetonitrile into a 5-mL serum vial. Add
500 uL of Intermediate Calibration Standard A. Seal with a
Teflon-lined septum cap and store in the dark (§ 0-4°C. The
resulting solution (5.0 mL) will have the concentrations
indicated in the table below:

Intermediate Calibration Standard B

Nitre-Compound

HMX
RDX
NB

1,3-DNB
1,3,5-TNB
2,4-DNT
2,6-DNT

2,4,6-TNT
Tetryl

Resulting cone.
(ug/mL)

34.5
20.7
13.8
17.2
17.2
17.2
17.2
24.1
20.7
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Calibration Standards; (continued)

3. Working Calibration Standards; To a series of ten 5-mL serum
vials, approximately one gram of prepared soil (see section V.B.)
is accurately weighed into each vial. Using a syringe, the
volumes of intermediate standard solutions indicated in the
following table are injected onto soil. The serum vial is
covered with a septum and shaken until the soil no longer looks
wet (approximately 60 seconds). The septum is removed and the
indicated amount (see Table below) of acetonitrile is pipetted
onto the soil. The septum is replaced and the cap crimped on
the vial. The sealed sample is blended on a vortex mixer for
approximately 2-3 minutes. The sample is prepared via the
procedure given in this method, to give the target concentrations
in the following table.

WORKING CALIBRATION STANDARDS

1
1 -

fcL
tec.

1
U.
U
15i
A

I!
I!l!!ii
I" —

Amt.
Inter
Cal.
to Ad

A

0
._

6
12
24
60

120
240
600

^-

(uL)
med.
Std.
d

B

0
12
24_
_

-
-

—
_

—

m»-
Amt. (WL)
Aceto-
Nitrile
to Add

2.0
2.0
2.0
2.0
2.0
2.0
2.0
1.9
1.8
1.4

HMX

0
0.414
0.828
2.07
4.14
8.28

20.7
41.4
82.8

207

Resulting

2,4.6-
TNT

0
0.289
0.578
0.145
2.89
5.78

14.5
28.9
57.8

145

j Cone en tr;

Tetryl

0
0.248
0.497
1.42
2.48
4.97

\k^"i V
24.8
49.7

-K2

ation (ug/g)

1,3-DNB;
1,3,5-TNB;
2,6-DNT;
2,4-DNT

0
0.206
0.413
1.03
2.06
4.13

10.3
20.6
41.3

103

NB

0
0.166
0.331
0.828
1.66
3.31
8.28

16.6
33.1
32.8

Control Spikes; Control spikes are prepared in the same manner as the
calibration standards.

FOLLOWING SAFETY PRECAUTIONS:

A 5-mL gas tight syringe (Hamilton 1005 TEFLL) is used,as the teflon/
glass seal i« less likely to cause an explosion than glass/glass.
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2. The nitro-compounds are less reactive when wet, so every precaution
should be taken to ensure that work areas are kept clean and that
solutions are not left unattended and allowed to dry.

3. The filtering apparatus is immersed in a water bath and disassembled
under water immediately after use. The danger here is solution getti-;
dried on the threads of the filtering apparatus and detonating.

4. When preparing SARM stock standards from pure compounds which are
stored in water, small aliquots are scooped onto a nylon or poly-
vinylidene chloride filter. The water is vacuum filtered off and
an appropriate quantity of the "dried" material is weighed out for
stock standard preparation. Any extra compound thus dried is disposed
of.

5. Prior to working with explosives, it is advisable to discuss safety/
handling/storage requirements with an explosives expert.

A. Sample Preparation; The soil sample is removed from the sample
!' bottle and spread out in aluminum foil trays. The sample is air
•• dried. The dried soil is screened through a US series 600 sieve
fev. (30 mesh). This screened sample is sub samp led according to ASTM
* procedure D346. The moisture content is determined by ASTM Method

D2216-71.

B. Extraction;

-:' 1. Accurately weigh 1 gram of prepared soil (see section V.A. above)
'•, into a 5-mL serum vial, and pipette 2 mL of acetonitrlle onto the

soil.

Place a septum and cap on the vial, crimp into place, and shake
the vial thoroughly on a vortex mixer for 2-3 minutes.

2. Set up the filtering apparatus, as shown.

5-mL syringe barrel (plunger removed)

5-mL syringe fitted with a Rainin 13 mm
stainless steel filter holder with a
10 mm glass microfiber prefliter and a
0.5 micron fluorocarbon filter.

1 mL serum vial to collect filtered
sample
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PROCEDURE.: (continued)

3. Prepare the sample for injection as follows:

a. Pour the sample extract into the syringe.

b. Place the plunger in the syringe and force at least
500 uL of the filtrate into a 1-mL serum vial.

c. Using a disposable micropipette, accurately measure
200 uL of filtered extract into a 1-mL serum vial.

~ Accurately measure 600 uL of a 33% methanol/67%
water solution onto the filtered sample. This will
produce 800 uL of extracted sample in mobile phase.

d. Place a septum and cap on the vial and crimp into
place. Shake the vial well to thoroughly mix.
Store in the dark @ 0-4*C until ready to analyze.

4. For samples outside the calibration range, a smaller sample
volume is extracted into 5-mL of acetonitrile.

a. Accurately weigh 0.2 gram of prepared soil into a 5-mL
serum vial, and pipette 5 mL of acetonitrile onto the
soil. Place a septum and cap on the vial, crimp into
place, and shake the vial thoroughly on a vortex mixer
for 2-3 minutes.

b. Prepare the sample for injection as follows:

1) Pour the sample extract into the syringe.

2) Place the plunger in the syringe and force at
least 3 mL of the filtrate into a 5-mL serum
vial.

3) Using a disposable pipette, accurately measure
1 mL of filtered extract into a 5-mL serum vial.
Accurately measure 3 mL of a 33Z methanol/67Z water
solution onto the filtered sample. This will produce
4 mL of extracted sample in mobile phase.

Alternately, the sample extract and methanol/water
solution may be accurately weighed into a 5-mL

>; ' serum vial. (1 mL« 1 g)
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4) Place a septum and cap on the vial and crimp into place.
Shake the vial well to thoroughly mix. Store in the
dark @ 0-4°C until ready to analyze.

c. If the solution prepared from the 0.2 g sample is still
above the calibration range* make dilutions of the extract
obtained in 4b(l) by taking an appropriate aliquot and
adding mobile phase (e.g. 100 mg of acetonitrile sample
extract in 20 mL mobile phase) to produce a solution
within the calibration range of the instrument.

C. Instrument Calibration/Sample Analysis:

1. Using the auto-injector manufacturer's recommended procedure,,
introduce 50 uL of the 2X working calibration standard into
the chromatographic system. Check the chromatogram to ensure
separation of the nitrated toluenes and separation of the
nitrobenzene and tetryl. If necessary, adjust the water/
methanol ratio of the mobile phase until separate peaks are
distinguished. As the column ages, less methanol is required.

i Generally, the column ages rapidly the first 24 hours, after
which it is fairly stable.

2. Once good peak separation is obtained, introduce 50 uL of each
working calibration standard and sample into the chromatographic
system using the auto-injector manufacturer's recommended

J:l procedure.

CALCULATIONS:

A. Sample Concentration (ug/g)
Wllll

(peak ht. - K) x C x E
slope x A x B x D

where:

K

slope

A

y-intercept of the calibration curve regression line

slope of the calibration curve regression line

8 mL mobile phase . ^ . ^. . .. ,—s *• « a constant for this method.1 gram sample

Explanation: the Instrument reads the total ug in
the 50 uL aliquot of sample injected. This constant:
enables results to be interpreted as ug/g, as the
calibration curve in ug/g is obtained by

2 mL acetonitrile to extract 4 mL mobile phase
1 gram calibration std. sample 1 mL acetonitrile extract
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CALCULATIONS; (continued)

B - sample weight

mL acetonitrile used to extract sample

mL acetonitrile extract diluted into mobile phase

C

D

Z final volume in mL of mobile phase prepared for
injection

NOTE: When samples are prepared the same as the calibration standards
(1 gram extracted into 8 mL of mobile phase) , the above calculation
becomes:

Sample
Concentration
(ug/g)

(Peak height - K)
slope

B. All soils data must be reported on a moisture-free basis. Moisture
content is determined by ASTM D2216-71. 100%-Z Moisture - 2 solids.

Concentration on a
moisture free basis

analyte concentration
I solids x 100

REFERENCES:

A. USATHAMA Method 2C Cyclotrimethylenetrinitramine (RDX) in
Soil and Sediment Samples, 12-3-80.

B. USATHAMA Method 8H Explosives in Water by HPLC, 12-27-82.
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APPENDIX I: CHROMATOGRAMS

nlilHIII

EXPLOSIVES IN SOIL - ACETONITRILE EXTRACTION



HMX
RDX

1.3,5-TNB
- 1,3-DNB

MB
— Tetryl
2,4,6-TNT

RUN I
ID 1

HEIGHT*
RT

145

1
a
3
4,
5
6.
7
7.

.48
15
38
21
74
£3
33
98

8.93
S en,+nr

9.89

APR/22/83 12»58>26

HEIGHT TYPE
583 W
535 PB
332
528
573
£32

VB
BV
PB
BP

385 PV
288 VB

BV
W

539
259
458 VB

8.
8.

AR/HT
8.435
135

J55
8.3G5
8.281
8.288
8.288
8.258
8.251
8.243
8.286

HEIGHT*
11.623
18.666

11.423
12.688
6.881
5.582

18.746
5.164
9.131

RUN
ID

• 148
1

APR/22/83 14<84:8

HEIGHT*
RT

1,
2.
48
11

3.29
4
5.

12
59

6.46
7.
7.

15
.71

8.65
9.21
9.58

HEIGHT TYPE
596 BV
444 PV
2399 PB
2392 BB
4384 PB
4822 PB
2182 BV
2286 VB
3585 BV
1838 W
3441 VB

AR/HT
8.344
8.137
8.158
8.287
186
191
193

8.247
9 ?4!
8.227

8.
6.
8.
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Jasrmination of Part-per-Trillion Levels of Polychlorinated
hanzofurans and Dioxins in Environmental Samples

H. Smith,* David L. Stalling, and James L. Johnson

Research Laboratory, U.S. Fish and Wildlife Service, Route 1, Columbia, Missouri 65201

Imffcat method permits determinations of parts-per-
«nd lower of tetracnloro through octachloro

: ^Mefdbenzo-p-dloxlns and dlbenzofurans In various
»togfcal tissues and sediments. Preliminary tests

(he method Is applicable to determinations of
trough hexachloro congeners of ortho-unsubstt-

blphenyls. Interferences both from
from xenoblotlc substances are reduced to ex-
tovtls. The procedure has an extremely low

""••ytotalse-posKlve determinations which could re-
of a wide variety of cocontamlnants.

^Pproach to contaminant enrichment has permitted
of seven processes Into a two-step procedure,

time requirements and the number of
and making the procedure amenable

>' The reliability and accuracy of the procedure
by the results of Intralaboratory and Inter-
and by successful analyses of over 200

•*We variety of types.

dibenzo-p-dioxins (PCDDs), poly-
(PCDFs), and ortho-unsubstituted

biphenyls (non-ortho PCBs) are three
ttd lexicologically related families of anthropo-

compounds that have in recent yean been
potential to cause serious'environmental

These substances are trace-level corn-
in several large-volume and widely used

principally PCBs and chlorinated phenols
-M t*? Produced during combustion processes
gl*r photolysis (12, 13). In general, PCDDs,

iJ '̂Ortho PCBs are classified as highly toxic
•bhough the toxicities are dramatically de-

pendent on the number and positions of the chlorine sub*
stituents (15). About 10 individual members of a total of 216
PCDDs, PCDFs, and non-ortho PCBs are among the most
toxic man-made or natural substances to a variety of animal
species (1-4). The toxic hazards posed by these chemicals are
exacerbated by their propensity to persist in the environment
(16-18) and to readily bioaccumulate (19-21), and although
the rate of metabolism and elimination is strongly species
dependent (20), certain highly toxic isomers have been ob-
served to persist in the human body for more than 10 years
(22).

The majority of scientific and governmental concerns for
the hazards of these compounds have been directed towEird
analytical methodologies, toxicology, epidemiology, and de-
termination of the disposition in the environment of the single
most toxic isomer, 2,3,7,8-tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD) (1-6, 8}.

More recently, however, investigations into the formation
and occurrence of PCDFs suggest that this family of toxic
compounds may commonly occur at comparable or greater
levels than and could generally pose a greater hazard than
PCDDs. PCDFs are often found as cocontaminants in and
are readily produced from pyrolysis of PCBs (7,23-26). Most
important, the PCDFs produced from pyrolysis of PCBs are
predominantly the most toxic isomers, those having a
2,3,7,8-chlorine substitution pattern (5). A number of recent
fires involving electrical transformers and capacitors have
demonstrated the potential for formation of hazardous levels
of PCDFs from pyrolysis of PCBs (26-28, 30).

In light of these findings and because of the dearth of data
pertaining to the occurrence of these compounds in the en-
vironment, PCDFs and non-ortho PCBs were included u
target compounds in a proposed survey by this laboratory of
important U.S. rivers and lakes for PCDDs. The decision to
include as many PCDD isomers as possible was based on
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Part I

Part

fto* chart of total procedure.

(T) several other PCDD isomers are also ex-
.f«M lem'f (15)', (2) pentachlorophenol, a large-volume

jjpfeivlwcod preservative, contains relatively high levels
, and octachlorodibenzodiozins and essentially

*.C*Oi (7, 8, 29); and (3) incineration of materials con-
4^rdbrophenols readily produces mixtures of PCDDs,
*3£5-TCDD is a minor component. On the other hand,
»i[?franc 1,2,3,7,8-pentachloro isomer is a major com-
MjiiifPCDD incineration products of pentachlorophenol
tjj. Deponent-specific analyses can be a crucial link to

of contamination because different sources of
^Sttii PCDFs usually produce mixtures of distinctly

e component abundances (7). On the other
*l4i preferential accumulation of certain isomers in
""Irtsijr prevent source identification from analyses of
T

\ojjjtieal method developed for this investigation was
•^•M* meet six criteria: (1) permit determinations of
^JHy of these compounds, especially those possessing

• three chlorine substituents; (2) permit isomer-
'•ttrminations of the most toxic or otherwise im-
'̂ ponenta; (3) provide a lower limit of detection for

Mi components of between 1 and 5 parts per trillion
^**»nriety of environmental samples; (4) generate data
* •!!£!?* ""^ adequately defined level of accuracy
*̂̂ "«*» (5) exhibit a very low and well-defined sus-

4 ii ^ktwference and false-positive determinations;
^^*aimize analyst's time requirements to permit

~*™sr» numbers of samples.
of PCDDs and PCDFs demand an unusu-

aasurance, not only because of the
of these compounds, the intensity of public

and the widespread nature of the
.use of the great difficulties in rigorous

of individual isomers. These difficulties are not
to the problems of distinguishing between

is essentially solved (31-34)—but are
of specific and nonspecific inter-

and especially xenobiotic substances

r̂?*||B«ni an the description of an analytical method
<fc ty^ of validation and applications studies which

reliability and demonstrate the utility

TfAOM P^UIQ.

COLUMN i>2

COLUMN «3

Figure 2. Schematic of part I enrichment apparatus.

of the method developed for the determination of PCDDs,
PCDFs, and non-ortho PCBs in a variety of environmental
matrices.

EXPERIMENTAL SECTION
Enrichment Procedure. Tissue and sediment or soil samples

(spiked with isotopic marker compounds) are processed in a
two-part enrichment procedure (Figure 1). In part I, a mixture
of the sample and sodium sulfate is subjected to solvent extraction,
and the extract is, in the same process, passed through a series
of silica-based adsorbents and then through the carbon/glass fiber
adsorbent. The extract passes through the adsorbents in the
following order potassium silicate, silica gel, cesium or potassium
silicate, silica gel, and finally an activated-carbon adsorbent The
residues of interest (PCDDs, PCDFs, and non-ortho PCBs, as well
as other chemical classes such as polychlorinated naphthalenes
(PCNs), polychlorinated biphenylenes, and certain polynuclear
aromatic hydrocarbons] are retained on the carbon adsorbent and
subsequently recovered by reverse elution with toluene.

In part II of the procedure, following a change of solvent to
hexane, the sample is applied to a second series of adsorbents
contained in two tandem columns. The first column contains
small amounts of cesium or potassium silicate and sulfuric acid
impregnated silica geL The effluent from this column flows
directly onto the second column containing activated alumina on
which the final fractionation of several classes of residues is
accomplished. Following reduction of sample volume, analyses
are carried out by high-resolution gas chromatography/ low- res-
olution mass spectrometry/computer data system analysis
(HRGC/LRMS/DS) and under some circumstances by gas
chromatography /electron capture detector analysis (GC/EC).

Part I. The components of the apparatus used in part I of
the enrichment procedure are depicted in Figure 2. Column 1
(about 4.5 cm i.d. and about 1 m long) is connected to column
2 (22 mm Ld. X 100 mm, Michel-Miller precolumn 5769-34, Ace
Glass, Vineland, NJ) and to column 3 (1.0 cm i.d. x 6 cm
thick-walled, precision-bore glass tubing, Kontes, Vineland, NJ)
by means of standard l/i» or Vs in- °-d- Teflon tubing and tube
end fittings. Column 3 is equipped with La-house fabricated Tiiflon
fittings. The solvent flow switching valves are Hamilton muuiture
inert valves (Hamilton Co., Reno, NV): selector valve (no. 86781).
on-off valve (no. 86775), and bypass and reverse-flow valves (no.
86781). The washing solvent reservoir is constructed of a 20-cm
length of 12 mm o.d. glass tubing and a 200-mL reservoir fitted
with a 24/40 female ground glass joint. The valving arrangement
(Figure 2) is designed to enable the analyst to perform tho fol-
lowing operations: venting of the solvent line from column 1,
venting of the solvent reservoir, bypass of column 2, delivery of : -t
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/_-n column 1 to columns 2 and 3 sequentially,
J<|4 V*^ t froni the reservoir sequentially to columns 2

- ; *~\^.n 3 only, reversal of solvent flow in columns 2
' '• "-'"Cpa?* °^ so'vent ^ow 'n a" ''nes- The solvent
** ̂  ,:nely pressurized with 1-10 psi nitrogen during

•* * ̂ 'If. Column 2 is packed with equal volumes, 15
- "'r^ufflor potassium silicate and silica gel (EM-60,
rV V.KJ) bracketed by-plugs of glass wool or preferably
*' r^ff filters (3-Mm retention GF/D, Whatman Inc.,

' '^CaJunui 3 is packed with a mixture of Amoco PX-21
1 ^"Ifxa »nd glass fibers as described previously (36).
* »->&£ in the following sequence: two disks of glass
* *La (GF/D, 4.7-cm diameter, Whatman Inc., Clifton,

*~* ifflth of anhydrous sodium sulfate, 30 g of silica gel
""Y'.jj'C activated), 30 g of potassium silicate (130 °C
f\. 33 j of a 1:4 (w/w) mixture of the sample and an-
"** \̂f«m sulfate, and lastly a 2-cm depth of anhydrous

is usually packed with fresh adsorbents
'but this column can be used for more than one

Tfitsinounts of extracted materials, such as lipids, are
Carbon adsorbent in column 3 is routinely reused
things (under 3-3 psi of nitrogen) between samples

'"^leiBttj solvent sequence: 100 mL each in reverse flow
JIB ^thiooL toluene, and cyclohexane/ methylene chloride
< «i«st A). Column 2 is bypassed during these washings

«, sr3« final washing with solvent A, which is directed
(S3 2 in the reverse direction to remove residual air

, «iM<aauuEinants. Care must be taken to avoid passing
i-cujh column 2. Another 100 mL of solvent A is

r«t ,MMd through columns 2 and 3 in the forward direction
tSei w-Ttot washing. Complete displacement of toluene
-MB 3 a essential After columns 2 and 3 are properly
• niodumn 1 is loaded with adsorbents and sample, a
m>modkj 100 ML) of marker compounds is applied to
*'•d'Wihed onto the packings with four or five 20-mL

••one*) portions of solvent A using a Teflon wash bottle.
MMKnfoe is positioned so that column 1 is connected
•wwSpttod air is allowed to escape. The flow of air from
«**i»Bonitored as it bubbles through solvent at the vent

After the sample is spiked with marker compounds,
{•font A is carefully applied to column 1, and the
i:rftfat solvent front is observed. As the solvent front

*»awfer line (about 1 m in length), air bubbles in the
'•̂ •td by stopping the flow and tapping the line. When
**«tiooi reaches the selector valve, the valve is reposi-
*>faet the extract through columns 2 and 3, and the
**«£ocedure is under way. The effluent is collected in

bove columns 2 and 3 to maintain a positive
2*ai OB these columns. The height of column 1 above
^••twfliik is adjusted to produce a solvent flow of not

_,*"*"L/nun but sufficient to complete the process
j* Oeanonally the solvent flow will slow or stop during
^7**altand will require the application of 1 or 2 psi of
^*» to the system at column 1. Rarely, the glass fiber
~ * 4 l *n(* °^ co'umn 3 become clogged during the

•««omposed or very oily (especially lake trout)
j scuce these complications, a removable column (1.0
•»3cm) containing 4 or 5 disks of glass microfibers
J* a line at the exit end of column 2. If this filter
|||Ĵ ** cjogged, it can be replaced during the process.

ition of the initial extraction/adsorption op-
iing column 2) is washed in the forward

of solvent A and then 50 mL of methylene
at a flow of approximately

ings are collected in the flask with the
^j^. air is then charged with 40 mL of toluene
^,,"r™ough the carbon (column 3) in the reverse-flow
- **nrj—*-'--n, mL/min and collected in a 100-raL

At this point, part I of the procedure

%lj** Wutnt is subjected to rotary evaporation at
i2tttUm of about 0.1-0.2 atm. The rotary evapo-
2? "• maintained in an uncontaminated condition

with organic solvents. No lubricating greases
*ĵ *grity of the sample is protected during rotary

• Cesium S'i>cite (O.£4g. 2cm)

• 40».HjSO. • Silica Gel 10 -«7g. 2cm)
• Glass Wool

\

• Sodium Sullate

- Alumina (3 65g. 3.50mL)

- Glass Wool

Flgur* 3. Schematic of part II enrichment procedure.

evaporation by the use of a vapor trap situated between the sample
flask and the evaporation apparatus; the vapor trap is thoroughly
washed with toluene between samples. The toluene solution
(sample) is carefully reduced to less than 1 mL or just to drynesa
and removed immediately. The solution or dry sample can be
stored in a freezer. At this point, the sample is ready for part
II of the procedure (after removal of all toluene).

Part II. The apparatus for part n of the enrichment procedure
consists of two columns arranged in tandem (Figure 3). Column
4 is prepared from a disposable Pasteur pipet and is packed finit
with a plug of glass wool, then with 3 cm (0.50 g) of sulfuric acid
impregnated silica gel, then with 3 cm (0.54 g) of cesium potassium
silicate (not heat activated), and finally with 0.5 cm of anhydrotis
sodium sulfate. Column 5 is constructed from a 5-mL graduated
pipet fitted with a 20-mL reservoir and a ground-glass joint.
Column 5 is packed with a plug of glass wool followed by 3.50
mL (3.65 g) activated (190 °C) alumina and then 0.5 cm of an-
hydrous sodium sulfate. The alumina is packed.firmly by sharply
tapping the supporting clamp.

Columns 4 and 5 (Figure 3) are thoroughly washed before use,
column 4 with 10 mL of hexane and column 5 under approxi-
mately 5 psi of nitrogen pressure, with 30-50 mL of hexane to '
remove entrapped air. Following the washings, column 4 is partly
inserted into column 5 so that the effluent from column 4 flows
directly onto the adsorbent bed of column 5. A 50-mL collection
vessel is placed at the exit end of column 5. Pasteur pipeta
previously heated for several hours at 500 °C are used for liquid'
transfers. The sample is applied to column 4 by using four to
six separate 1-mL washings (approximate volumes) of hexane
totaling 5.0 mL. Each washing is allowed to pass through column
4 and completely onto the alumina of column 5 before the next
washing is applied. After 5.0 mL of hexane has passed through
column 4, this column is discarded, and a second 5.0-mL volume
of hexane is then applied to column 5. The following sequence
of eluting solvents is then applied to column 5: 15 mL of 2%,
then 15 mL of 5%, and finally 20 mL of 8% methylene chloride
in hexane. A total of 60 mL of effluent is thus collected in two
fractions, the first measuring 23 mL and the second 37 mL. Due
to variations in the activities of different lots of alumina, the
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volumes must be carefully determined for each

fraction, containing the residues of interest, is
gat to about 0.5 mL under a stream of nitrogen

'jrm ^r water bath. The sample is transferred to a conical
fc* •**. (ga o.j-rnL washings with methylene chloride, each
$t*\^Lreduced to a smaller volume under a stream of

next is added. Following the last transfer,
ly evaporated and the appropriate volume

•nil

null II

**I7«jvtiit (usually 10 >iL of toluene or o-xylene) is added
' »«s»lys's- tf tk* analysis is to be performed later, the
V** ^ kpt in the dry state and stored in a freezer. Before

kiajected, ^e solution is drawn up into the microliter
i .pplied repeatedly to the wall of conical portion of

_ '^jrjnj the entire sample into solution. Gas chroma-
l** i..̂  spectrometric analyses are carried out by the
'̂ "jjjj, technique (no splitting of the sample) with 2-4-ML
111 jfann or by the on-column technique in which 1-2-jiL

r injected.
Preparation. Tissue and sediment samples are

4 times their weight of anhydrous sulfate.
_ irst cut into small pieces, ground in a meat
jaKtssary), and mixed thoroughly with anhydrous
^gltwith a spoon in a glass or polyethylene dish. The
•I!MB spread out to a depth of less than 3 cm so that
i_«taj» solidifies after 3-6 h, can be readily broken up

L I«*H nil rnirht The mixture is then dry-blended (any
nrH blender) in a glass jar to yield a fine powder,
rflo* water content did not require overnight equili-
Mhttdium sulfate before blending. A second blending

»*«st4-6 h after the first is often required to produce
"WSBOfeneous and finely divided sample.
Mfejol Instruments and Conditions. Determinations

;*tft«adPCDDs were carried out with a Finnigan 4023
E^V^BB equipped with an INCOS data system and with
ftWCJ positive chemical ionization options. Methane was
i*Oitta|ent gas for the negative ion chemical ionization
iMfclbtpschromatograph was usually fitted with either
>l»«l3mia DB-5 fused-silica capillary column (J&W
>MftJae.Rancho Cordova, CA) or a 55 m x 0.27 mm Silar
'*<*•• pitpared by H. R. Buser, Swiss Federal Research
MUliannril, Switzerland. The carrier gas was helium and
IM&VCtemperature program was routinely used with o-
<*M*iuL 150-255 «C at 3 *C/min and then 12 eC/min to
'r?ttiUd for 10 min. The electron impact mode (El) and
'**$• detection (MID) were routinely used for GC/MS
"^••tnd quantitation of PCDFs and PCDDs including
**aMbr compounds ([13C]-TCDD, ("Clj-TCDF, and
,̂ *OJ>. By use of DB-5 column, a series of either 8 or 12
|J**>'S»fatio. (m/z) values were monitored within each
^J^toniatographic windows, each window being defined

* upper elution limits of a particular group of
congeners. The MUD analysis usually involved

of four or five members of a molecular ion cluster
of the fragment ion cluster resulting from the
-63.
. iphic analyses employing a packed column [2

»*.OV"17 on 100/120 Supelcoport (Supelco, Inc.,
out on a Varian 3700 gas chroma-

with an electron capture detector. Nitrogen
carrier gas with the following temperature pro-
*C at 8 *C/min and hold for 15 min.

All solvents were glass distilled grades (MC/B,
. or Burdick and Jackson, Muskegon, MI). Silica
,n»esh (EM Reagent, MC/B. Cincinnati. OH) and
AG4, Bio Rad Labs, Richmond, CA) were used,
•̂bed with methanol and then methylene chloride

' at 190 °C for at least 2 days. Silica gel was
*»e manner and activated at 130 "C. The silica
* the 130 °C oven and removed just prior to use.

*• (MC/B, no. SX760) is heated at 500 "C overnight
•screw capped bottles.

activated carbon was obtained from the Amoco
• Naperville, IL 60566, and lot numbers 75-8,
78-10 were successfully used in this laboratory.

•now commercially available from Ander*oj\ De-

velopment Co., Adrian, MI 49221, under the name AX-21.
Potassium and cesium silicates were prepared from the reaction

of the corresponding alkali metal hydroxides with silica gel in
methanol at 55 "C for 90 min. The reaction is carried out in a
1- or 2-L round-bottom flas)^ which is rotated and heated with
a rotary evaporation apparatus (no vacuum applied). Sixty grams
of CsOH (99+%, Aldrich Chemical Co., Milwaukee. \VI) i<; dis-
solved in 200 mL of methanol and separated from insoluble
material by decantation. An additional 200 mL of methanol is
added followed by 100 g of silica gel. For potassium silicate, 168
g of KOH (J. T. Baker Chemical Co., Phillipsburg, NJ), 300 g of
silica gel (EM60), and approximately 700 mL of methanol are used;
decantation is not necessary for KOH. Following the reaction,
the mixture is poured into a large glass column containing a plug
of glass wool. Special care must be exercised to avoid contact
with the extremely caustic solution, especially eye contact. The
adsorbent is washed into the column with methanol, and then
200 mL of methanol for every 100 g of silica gel is added to the
column. The methanol can be pushed through the column under
slight gas pressure, and as the level of the liquid reaches the bed
of adsorbent, 200 mL of methylene chloride for every 100 g of
silica gel is applied. The liquid is pushed through the column
and the silicate partly or completely dried under a slow flow of
nitrogen. Cesium silicate is dried completely under a stream of
nitrogen and is not heat activated; potassium silicate is activated
at 130 8C.

Sulfuric acid impregnated silica gel (40% w/w), abbreviated
as SA-SG, is prepared by adding 2 parts of concentrated sulfuric
acid to 3 parts by weight of 130 °C activated silica gel in a screw
capped bottle and shaking until the mixture is completely free
of lumps, about 15 min. The silica gel is activated at 130 *C;
unactivated silica gel is unsatisfactory for the preparation of
SA-SG. The adsorbent is stored in a screw capped bottle.

Nitrogen gas used for evaporations of solvents is passed through
a copper tube (40 mm o.d. x 60 cm) containing activated curbon
(coconut charcoal, Fisher Scientific Co.. Pittsburgh, PA) bracketed
by glass wool and glass microfiber filters. Following the cirbon
trap, a microfiber filter (Microfibre filter 9802-AAQ, 505-AAQ,
0.3-fim retention, Balston Filter Products, Lexington, MA) is
inserted in the line in an attempt to prevent movement of carbon
particles through the nitrogen line.

RESULTS AND DISCUSSION
Development and Functions of the Components of the

Enrichment Procedure. Part /. A primary objective in the
initial approach to the development of this method was to
make optimum use of the highly selective absorbtivity of
activated carbons for polychlorinated polycyclic aromatic
compounds (37). The carbon adsorbent selected for this
procedure was Amoco PX-21 dispersed in glass fibers (CGF)
which has been thoroughly evaluated in this laboratory with
regard to its selectivity for a wide variety of chemical classes
(36, 37). At least four lots of PX-21 carbon have been suc-
cessfully employed by this and other laboratories (26,38-46)
in analyses of PCDDS and PCDFs.

Application of extracts of whole fish directly to the carbon
absorbent dispersed in glass fibers was found to be generally
unacceptable due to the adsorption of biogenic substances
causing high back pressures. Pretreatment of the tissue ex-
tract with the strongly basic absorbent potassium silicate (KS)
(47, 4S) followed by activated silica gel (SG) greatly facilitated
the flow of the tissue extract through the carbon adsorbent
Other combinations with alumina and with Florisil o;r with
potassium silicate alone were less effective. The combination
of KS, SG, and PX-21 carbon adsorbents achieved a very high
degree of enrichment of PCDDs, PCDFs, and non-ortho PCBs.
Tissue samples up to 50 g and containing 10-20 g of fat
routinely give only submilligram residues in the sample re-
covered by reverse elution of the carbon with toluene. Inte-
gration of these three steps yielded a procedure that permitted
simultaneous sample extraction, removal of acidic and highly
polar coextractables, and selective adsorption of the com-
pounds of interest onto carbon (part U and was readily
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* ;.-lar arrangement which simplified sample,
j,_ •* ̂ l^nt manipulations (Figure 2). Several seta

^"i each be loaded with a sample, the three
'*' •«nt. arid the enrichment processes allowed

f* *** •i.ded, by gravity solvent flow. The use of
• r^jjon of potassium silicate and silica gel
•** (*j gusures that the interfering lipid materials

»*n reaching tne carbon and permits the an-
"^^aoate the amount of colored lipid material
""*"fjjorbed by tne potassium silicate/silica gel

u -toe cases in which little or no accumulation
^i] 3 observed on column 2, consideration can

column 2 for another sample. Cesium
13ic compounds more effectively than KS
Bed in column 2 but is 50 times more costly,
operations of part I eliminate the need for

h require extensive sample manipulations and
;î or intensive. Such procedures which are
ijyai in other methods include one or more
; (1) acidic or basic digestion of the sample,
aHiquid partitioning steps, (3) Soxhlet ex-

$pl permeation chromatography. The ability
pig^t enrichment procedures in a one-step, con-

can result in enhanced recovery and pre-
to reduced analysis time. Furthermore, this

•self to the possibility of development into
"ultisample procedure (49).

chromatography (GPC) was initially em-
jrxedure as an enrichment step preceding the

but often did not have the capacity for the
in these analyses. Furthermore, the

rfGPC into the initial enrichment procedure
rifiional sample extraction and solvent volume
• precede the GPC procedure.
hi protecting the adsorptive capacity of the

the silicate adsorbent has been demonstrated
to remove acidic compounds which represent

interferences to determinations of PCDDs
TVuflkate adsorbents retain substances which

AieSty constants of 10 and lower, including
compounds and sulfonamides

*«eknltr, hydroxy PCBs and hydroxydiphenyl
which can produce false-positive GC/MS

dltctively removed by the silicates (35).
•nditions of this enrichment procedure, the

wfll retain only a limited number of classes
l(Bds (50), including polyhalogenated planar
«« compounds, to some extent PAHs with

^|* tings, and strongly acidic compounds that
»questered by the silicate adsorbent before

The large majority of synthetic organic
«re commonly encountered as persistent

«otaminants are weakly adsorbed and readily
J"***bon by the extraction solvent Included

(Bemicals "• compounds which interfere in
of PCDDs, PCDFs, and non-ortho

^^ 3s, methoxy PCBs, polychlorinated
^PCDPEs), and methoxy PCDPEs (35). The
"" «lso exhibits a very low affinity for the

i which are not retained by the potassium
!' combination.

1984

enrichment procedure (Figure 3)
P88^ through a strongly basic adsorbent,

toP_* strongly acidic adsorbent, 40% sulfuric
"•j* «el (SA-SG). in the nonpolar solvent,
Rejected to chromatography on acid alu-

°f the sample to cesium silicate in the
nexane virtually assures the removal of

trace residues of acidic compounds. Use of cesium silicate
which has been activated at 130 °C resulted in poor recoveries
of hepta- and octachloro isomers. The adsorbent should
simply be purged of solvent under a stream of nitrogen after
preparation and not oven activated.

The sulfuric acid impregnated silica gel (40% w/w) has been
demonstrated in this laboratory and elsewhere (51) to strongly
retain or undergo chemical reactions with a number of classes
of compounds. A series of polynuclear aromatic hydrocarbons
(PAHs) possessing two to four condensed rings was found in
this laboratory to be effectively retained by this adsorbent.
The adsorbent is also undoubtedly very effective in removing
numerous types of compounds.by reactions of dehydration,
acid-catalyzed condensations, and oxidation as demonstrated
by the complete charring and polymerization of tissue extracts
applied to this material. Colored bands of adsorbed materials
are normally observed on the SA-SG adsorbent following
sample application in part II of this procedure. The reactivity
of this adsorbent toward PAHs is complementary to the ac-
tivated-carbon adsorbent which strongly adsorbs certain PAHs
which are subsequently recovered with the PCDDs, PCDFs,
and non-ortho PCBs. Because polynuclear aromatic hydro-
carbons will elute from alumina under the solvent conditions
employed in the subsequent step involving alumina chroma-
tography, it is important that PAHs be removed prior to this
step. In some environmental samples, especially sediments,
high concentrations of PAHs were frequently encountered.

The final step of the enrichment procedure, alumina
chromatography, is designed primarily to separate PCDDs,
PCDFs, and non-ortho PCBs from polychlorinated naph-
thalenes (PCNs), trace residuals of PCB isomers, and other
polychlorinated aromatic compounds. In addition to PCDDs,
PCDFs, and non-ortho PCBs the only classes of compounds
which have been shown in this laboratory and elsewhere (46)
to be recovered from the carbon are PCNs, polychlorinated
biphenylenes, and certain polychlorinated PAHs. The alu-
mina chromatography removes the large majority of the 75
possible PCN isomers, but four to six penta- and hexa-
chloronaphthalenes are partially recovered with the PCDDs,
PCDFs, and non-ortho PCBs. Use of basic alumina (190 'C
activated) requires higher concentrations of methylene chlo-
ride to recover PCDDs and PCDFs.

In-House and Extralaboratory Evaluations and Va-
lidation Studies. The following studies and evaluations were
made: (a) determinations of the mean recoveries of a series
of representative compounds of the three chemical groups at
selected concentrations, (b) determinations of the coefficient
of variation associated with each set of recovery data, (c)
estimation of the lower limit of detection and determination
of the various congener groups or individual components in
a variety of sample types, (d) evaluation of the degrees of
interference posed by seven series of polychlorinated aromatic
compounds which represent the greatest threat of producing
false-positive data, and (e) determination of the success rate
for completed analyses of approximately 200 environmental
samples.

Recovery Studies. Initial recovery studies were performed
by using an abbreviated procedure which did not incorporate
either the silica gel in part I or the alumina chromatography
in part II. This procedure was highly effective for the de-
termination of PCDDs, PCDFs, and non-ortho PCBs in bio-
logical materials. The major disadvantage of this abbreviated
procedure appeared to be the inclusion of a large number of
polychlorinated PAHs such as PCNs in the analyte. Never-
theless, an abbreviated procedure excluding alumina chro-
matography has been successfully used in the analyses of over
30 environmental samples. PCNs were the most significant
cocontaminant observed but did not interfere in the deter-
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s:

f Selected PCDDs and PCDFs in Salmon Oil from Abbreviated Procedure: Potassium Silicate.
Cesium Silicate, and Sulfuric Acid-Silica Gel"

recoveries of selected compounds

2,3.6,8-
CI,-furan

109
HI

2,3,7,8-Cl,-
dioxin

115
[1]

1.2,4,7.8-Clj-
furan

115
W

1,2,3.4,7,8- 1
Cl«-furan

113
[1]

,2,3,4,6.8,9-
Cl7-furan

117
[1]

OCDD

86
[1]

OCDF

79
HI

recoveries of selected compounds
2,3,7,8-CT4-furan

24,7,8-Cl,-
dioxin*

81(9)
(-1]

102 (2)
W

€6(2)
[3]

1,2,4,7,8-Cl,-
furan

70(5)
[4!

97(3)
[41

80H
[2]

1.2.4,6,7,9-C1,-
furan

75(5)
[4)

84(4)
(4)

68(3)
[3]

1.2,3,4,7,8-C1«-
dioxin

82(3)
[4]

98(2)
(4!

76H
(2]

1,2,3,4,6,8,9-Clr
furan

77(5)
[4]

87(6)
[4!

72(8)
(3]

OCDD

87(7)
[4]

76(3)
W

66(3)
[3]

OCDF

75(5)
[4]

74(5)
[4i

62 (14)
[3]

i<fctermined on a 12-m OV-17 WCOT glass column and electron capture detection (<rNl) using helium at 50 cm/s and the
agaan program: 190 *C for 2 min, then 4 "C/min to 240 "C and hold 15 min. Numbers in parentheses are coefficients of

brackets are the number of replicate samples analyzed. * 2,3,7 ,8-TCDD and 2,3,7,8-TCDF coeluted on the OV-17

\~tiH*tti*s of Selected PCDDs and PCDFs from Spiked Samples of Homogenized Whole Fish Using the
! Ettrichment Procedure

recoveries of selected compounds

aQOpptr)

staple

i spiked
^st25-50 pptr

2,3,6,3-
C14-PCDF

81(1)
(41

2,3.7.8-
Cl.-PCDF
and PCDD

92(3)
[41

1.2,4,7,8-
C1,-PCDF

94(3)
[41

1,2,4,6,7,9-
CI«-PCDF

98(6)
[4]

1,2,3.4.7,8-
C1,-PCDD

104 (4)
[41

1,2,3,4,6,7,9-
CVPCDF

95(8)
[4]

OCDD

99(22)
[4]

OCDF

91 (16)
(41

recoveries of selected compounds
[13C]-2,3.7,8-TCDD

82 ±27
1491

["Cll-2,3,7,8-TCDF {

58 ±16

"Cll-l,2,7,8-TCDF

75 ±18

[rCl].OCDD

83 ±30
[181

recoveries of selected compounds*

n i l

| ^:'

^«Wft20pptr
^*^fc^< 100 pptr

32*_

Clt
PCDFs

58 ±10
52 ±7

ci,
PCDFs

64±6
55 ±4

PCDFs

64 ±7
53 ±6

Or
PCDFs

63 ± 10
56 ±4

OCDF

59
52

ci,
PCDD

41
84

cu
PCDD

49
60

Clr
PCDD

58
51

biphenylene

52
59

3Ds and PCDFs. The recoveries of a series
^ C D F a from spiked samples of salmon oil by

* lobreviated procedures are given in Table I.
saniples containing up to 20 g of oil

out by GC/EC and showed very low levels
than 50 pptr for the most prominent

comP°nents in tne anatytes (49).
. ion of silica gel in part I and alumina

Procedure'recoveries of a.series of PCDDs1 spiked whole fish samples were again de-
Recently, an independent evaluation

' procedure was carried out at the University
wy and included the determinations of re-

"•Pj^ed fish of a mature of fourteen tetra-, five
***•» three hepta-, and one octachlorodibenzo-
?ert*-. one hexa-, and one heptachlorodibenzc-
**tetrachlorobiphhenylene (45). Mean and
'ioia of the recoveries are presented herein to
ltbe effectiveness of the method for the con-

PCBs have been detected in about
•-1 '— inolvred bv this method.

Only two sets of recovery determinations have been made for
three representative non-ortho PCBs spiked at 100 ppb:
3,4,3',4'-tetrachloro (38 and 57%), 3,4,5,3',4'-pentachloro (43
and 47%), and 3,4,5,3',4',5'-hexachloro (54 and 59%).

The demonstration of the effectiveness of recovery of a large
selection of PCDD and PCDF isomers, in particular those
tetra-, penta-, and hexachloro isomers possessing the critical
2,3,7,8-chlorine substitution pattern, is especially important
to defining the comprehensiveness and applicability of the
method. The recoveries of all the isomers studied are geneially
comparable and no particular isomer or group of isomers
appear to be selectively excluded by the enrichment procedure.

In addition to the recovery data derived from spiked sam-
ples as part of the validation studies, a substantial collection
of recovery data was also generated for the four major com-
ponents of the marker compounds which were added to each
sample prior to the enrichment process. The marker com-
pounds, [UL-llC]-2,3,7,8-TCDD, [UL-^Cll-OCDD, and a
mixture of six (UL-^Cll-TCDPs including ["Cll-1,2,7,8- and
[37Cl]-2,3,7,8-TCDFs as the major components, were rouianely
incorporated into each sample at levels of 50, 50, 25, and 25
pptr, respectively. Although the range of recovery data values
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turn

.Recoveries of Tetrachlorodibenzo-p-dioxins from the Unabbreviated Enrichment Procedure'

TCDD rel GC/MS TCDD rel
isomer recovery peak no. isomer recovery

1368 1.20 8 1234, 1237, 1233, 1246. 1249 1.45
1379 1.27 .9 1236, 1279 1.47
1378 1-57 10 1278, 1469 1.35
1369, 1247,1248 1.47 11 1239 1.39
1968 2.13 12 1269 1.39
1478 1-30 13 1267 2.85
2378 1.00 14 1289 3.62

v_—jxinately 2 ng of TCDDs was applied i.d. the enrichment procedure. Determination was made on. a 60 m x 0.25 m:n i.d.
***ĵ Inc.) capillary column under MID-EI mass spectrometric conditions: temperature, 200 °C for 1 min, then to 250 °C at 5.Inc.) capillary

• He carrier gas.

compounds generally reflects the reduced
1 ̂ JcC/MS/DS quantitation of trace analytes using
-*^- jjjfd technique, the determinations of the

marker compounds in these samples per-
"T^«««Tfy a 3-year period provide a practical measure

gtgeatnce of the enrichment procedure and the
•ftiol method (Table II). The average recoveries
irtie marker compounds over this extended period

~^rf a be consistently satisfactory with the exception
which in early studies was ob-

M. »Sfaniformly low in comparison with those of the
compounds, most conspicuously with those of
^CIj-TCDFs. A reexamination of the elution

(13J3-TCDF from alumina suggested that this step
•jiMirces of ihe problem; 2,3,7,8-TCDF eluted very
fteoQection cutoff point. The addition of 5 mL to

volume increased the recovery of ["Cl]-
''S^wF to levels comparable with those of the other

'•••pounds.
•Haitians of background levels of PCDDs, PCDFs,
*cdo PCBs were routinely made as part of the

MNKol protocol Procedureal blanks and samples of
"Twiiwiil laboratory-reared fish, each spiked with the

were incorporated at a frequency of about
>le seta. Analyses of these control samples

'*Md5ne the background level for sample sets and to
X«ble residue carry-over among samples. Of 14

1 produced a positive determination for
• ̂ utt 1.6 pptr, 7 were positive for OCDD (1,5,7,
?** U PPte). 1 was positive for a 2,3,7,8-TCDF at 2

2*« positive for OCDF at 0.5 and 1.4 pptr. All
^fcf the 10 congener groups (total of 140 deter-
itfcese procedural blanks were negative and were
iby an average lower limit of detection of ap-
•Pptr. Of 11 analyses of samples of laborato-

te i'«*Carp' ^ Produced positive determinations for
c^ii^'i 18, 24, and 39 pptr), 7 were positive for

', 2,3,3,3, and 6 pptr), 1 was positive for
1 for a HCDF at 2 pptr, 3 for a HpCDF

[i and 5 were positive for OCDF (1,1, 2, 3,
remainder of the 110 determinations of

control fish were negative. The
••detection was approximately 2 pptr. Non-
J^» not observed in these control samples, and

'of detection for these compounds was ap-
In one series of control samples of lab-

out, a number of PCDF isomers were re-
«t 10-20 pptr levels. These compounds were

*s trace contaminants in the commercial fish

levels of PCDDs, PCDFs, and non-
tft« ~ negKgible, especially for those isomers
jj* ^'^-substitution pattern. Octachlorodi-

i to be a common trace environmental

contaminant, being detected in more than 50% of the fish
samples at levels significantly above those observed in the
procedural blanks.

Although repeated analyses of procedural blanks between
sample sets established a nondetectable level of carry-over
between biological samples containing widely varying con-
centrations of PCDDs, PCDFs, and non-ortho PCBs, sample
cross-contamination (from a carbon column) was observed to
result from certain types of samples containing abnormally
high levels of these contaminants. The samples causing
cross-contamination were pond and river sediments and a
sample of Aroclor 1260, all containing relatively high con-
centrations of PCDFs. Carry-over of PCDFs was readily
demonstrated to result from reuse of the carbon columns and
was observed in samples of fish which were processed on the
same carbon column used for the highly contaminated Dam-
pies. The degree of carry-over appeared to be on the order
of 0.1%. In general, procedural blanks should be incorporated
in sample sets at a frequency which will permit early dete<rtion
of carry-over problems and should be included immediately
following samples suspected of containing abnormally high
concentrations of PCDDs, PCDFs, and non-ortho PCBs.
Particularly in the case of sediment samples, high levels of
other types of contaminants are routinely encountered, es-
pecially polynuclear aromatic hydrocarbons, and saturation
of the carbon adsorbent with these substances may contribute
to the problem of carry-over of PCDDs and PCDFs. In two
cases of gross contamination of the carbon adsorbent, repeated
washings of the column did not completely eliminate the
problem, and the columns were replaced.

A satisfactory and reproducible level of recovery for
2,3,7,8-TCDD having been established, the recoveries of the
other 21 TCDD isomers were examined. The mass chroma-
tograms of a mixture of the 22 TCDD isomers (mixture pro-
vided by Dr. H. R. Buser, Swiss Federal Research Station,
Wadenswil, Switzerland) before and after having been sub-
jected to the enrichment procedure are presented in Figure
4. The relative recovery data, normalized to the recoveiy of*
2,3,7,8-TCDD, are given in Table HI. These data, although
not rigorously demonstrative of satisfactory recoveries for <»ach
of the other 21 isomers, do establish that most of these isomers
were effectively recovered by the procedure. In fact, in this
experiment all other isomers or groups of isomers were ap-
parently recovered more efficiently than was 2,3,7,8-TCDD.
The abnormally high calculated recoveries of the 1,2,15,8-,
1,2,6,7-, and 1,2,8,9-TCDDs, each a minor component of the
mixture, are attributed to the disproportionate influence of
variations in instrumental sensitivity on analyte response near
the limit of quantitation.

Probably the most useful piece of information derived from
an examination of the determinations of the marker com-
pounds in the hundreds of samples was the fact that the
success rate for analyzability of the samples was better than
99% and that the minimum level of detection consistently



,33

1a.ll

HIM

t ;C«S-MID electron Impact Ion chromatograms of 22
t (A) Wowing application of enrichment procedure; (B)

1-10 pptr with an average value of less than
i and controls were routinely spiked at the

t *> j«tl with each of the marker compounds. In all
toted by the positive and uniform responses of
•oopounds in each of the analytes, GC/MS

K.7CDDs and PCDFs at low parts-per-trillion levels
r attainable. Estimates of the lower limit of

iSflDlforTCDDs, TCDFs, and OCDD were made
I from the observed signal-to-noise value for

< fcante compounds (internal standards) to the
teorraponding to a signal-to-noise value of 3.

t LOO require comparisons of the noise levels in
*«nof each group of compounds and appropriate

irftht internal standards.
\ of PCDDs, PCDFs, and non-ortho PCBs

_ r difficult at levels approaching the limit
tte particularly to increased variations in the
HtMof the isotopic components of the molecular

^^•fawnt of the correct isotopic abundance ratios
" ' ions in determinations of PCDDs and

»pen>per-trillion levels was usually the most
i to meet once sufficient instrumental sen-

Nevertheless, over 50 separate confir-
6 of PCDD and PCDF residues present at

ft- The criteria for the confirmation of any
•« npn-ortho PCB of unspecified substitution

""' signal-to-noise ratio of >3; (2) correct
rmass; (3) coincidental maxima of three or

•«ons of individual members of the molecular
i (4) chlorine isotope ratios within 10%

> for three to six members of the molecular

i of routine monitoring of the fragment ions
: loss of COC1 from PCDDs and

i and determined to be marginal for
m levels due to the relatively

! ions. The criteria for confirmation of
i a requirement of demonstrating

s retention time within 2-4 parts
, 2&7.8-TCDD is sufficiently resolved
'~> isomers on both a Silar IOC (31) and .

I capillary column to enable easy
1 limits for the variation in re-

oer relative to that of the isotopic
l-TCDD. The retention time of

1 DB-5 column was also found to be
«»l overlap with the 1,2,3,7- and
I that their presenca could \
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but would not produce a false-positive determination. The
variation in the retention time of 2,3,7,8-TCDD relative to that
of [13C]-2,3,7,8-TCDD on the DB-5 column was observed in
numerous analyses of standard mixtures of the two compounds
and found to be within 2 parts in 1000. All confirmations of
2,3,7,8-TCDD in samples analyzed by this procedure met this
requirement and were often repeated on a Silar IOC column.
Samples of particular importance were independently analyzed
by other laboratories using complementary techniques such
as high-resolution mass spectrometry or atmospheric-pressure
chemical ionization mass spectrometry (53). Over 20 samples
analyzed in this laboratory for PCDDs and PCDFs were
subjected to independent analyses in other laboratories, in-
cluding those of H. R. Buser (Switzerland Federal Research
Station, Wadenswil, Switzerland) (54), Ronald Mitchum
(National Center for Toxicological Research, Jefferson, AR)
(55), Michael Gross (University of Nebraska, Lincoln, NB)
(55), Robert Harless (USEPA, Research Triangle Park, NC),
David Firestone (U.S. Food and Drug Administration, Division
of Chemistry and Physics, Washington, DC) (56), John Ryan
(Health and Welfare Canada, Food Division, Ottawa, Canada)
(57), Patrick O'Keefe (New York State Department of Health,
Albany, NY) (26), and Christopher Rappe (University of
Umea, Umea, Sweden) (Table IV). The Columbia laboratory
also participated in three interlaboratory studies of the ef-
fectiveness of different methods for the determination of
2,3,7,8-TCDD in fish. The agreement in both identification
and quantitation between the results from this laboratory and
those of the other laboratories was consistently good, and nc
false-positive results were indicated in any of the determi-
nations made with this procedure (Table IV). In the majority
of interlaboratory studies, the comparisons involved only
determinations of 2,3,7,8-TCDD.

Evaluation of Potential for Interference from Cocoa•
taminants. Determinations of PCDDs, PCDFs, and non-
ortho PCBs in environmental samples at levels below 1 pptr
are particularly susceptible to interferences and possible
false-positive results as a consequence of the likely occurrence
of a large variety of polychlorinated aromatic cocontaminants
and because full-scan mass spectrometric analyses are usually
unattainable. More than a dozen families of such compounds
are recognized as potential interferences in these typ*es of
analyses (35, 58), including DDE and DDT and poly-
chlorinated members of the following compounds: biphenyl
(59), methoxybiphenyls (60), hydroxybiphenyls, diphenyl ether
(61), methoxydiphenyl ethers, hydroxydiphenyl ethers (62),
benzyl phenyl ether (63), naphthalene, biphenylene, ph«-
nylbenzoquinone (64), xanthene, and bis(phenoxy)methan.e
(65). Most of these families of compounds have the potential
to interfere with and produce false-positive results in deter-
minations of PCDDs and PCDFs even in HRMS (35). The
problem of interferences in determinations of PCDDs and
PCDFs has been rigorously addressed experimentally in only •
a few publications (66), and in these was limited to a smsll
proportion of the numerous families of potential interferences.
Routinely, conclusions in regard to the potential for inter-
ferences in analytical procedures for PCDDs and PCDFs are
made by inference from observations of the effectiveness of
separation of comparable amounts of these interfering com-
pounds from PCDDs and PCDFs, often with a relatively small
number of isomers of these two families. For example, alumina
has been shown to effectively separate PCBs from certain
PCDD isomers (67). A more appropriate evaluation should
include a large number of isomers of and a large excess con-
centration (104-106) of the potential interference relative to
that of PCDDs or PCDFs.

As part of the validation of this procedure an evaluation
J-j ^Xb,« d.egw*o£ uxtexfatences, produced by seven



,-CAL CHEMISTRY. VOL. 56. NO. 11, SEPTEMBER 1984

—^^f Interlaboratory Studies and Comparisons of the Determination of 2,3,7,8-TCDD in Fish and Birds

levels of 2,3.7,8-TCDD reported (pg/g) at different laboratories

. CNFRL no. 1 no. 2 no. 3

i-i
.

9
47
22

117
56
96

58
<1
34
38

37
36
19

67
25

113
45

100

104
<10

35
45

52
39
15
<9

b
b

53
<1
37
33

45

25
<5

b
b
b

49,58
<2, <2
23,32
19,31

55

<25

no. 4

77
57

128
38

107

<5
<5
51
55

no. 5

6
89
42
99
53

199

72
<2
25
32

no. 6

5
67
34

183
c

178

70
<5
33
27

reported
av

60
37
26
32

61
3.6

30
32

Independent Laboratories

CNFRL
Swiss

Fed Res'

•wrsj pill. Lake Huron
fti m. Detroit River
as. Like Huron
xa. Life Erie
Mtooot, Lake Ontario
mm herring, control
ttooout. Lake Huron
tk aoot. Lake Ontario

Tinabawassee R., MI

160
70
22.27
<1
56,58
<1
39
38
94
81

165
75
29
5

Nat Center
Tox Res'

10

Health &
Wei Can."

132
80

54

•«• <t 'Samples were not analyzed due to large amounts of materials in analyte.
•KjSEL 'HRGC/MS API. * HRGC/HRMS El.

32
31
75
65

1 Sample was lost. 'Reference 50. 'Reference

aromatic compounds (35). In-
Steady were selected isomers of polychlorinated

•» XSt), naphthalenes (PCNs), diphenyl ethers
^ itthoiybiphenyls (MEO-PCBs), methoxydi-

(MEO-PCDPEs), hydroxybiphenyls (HO-
irexydiphenyl ethers (HO-PCDPEs). The

«n upper limit to the level of interference
*"'*«t individual compounds. The results dem-
**»tiijy of the procedure to effectively eliminate
^»fao iH but a small number of PCN isomers and

_ non-ortho) present at concentrations of
r***0* those of the PCDDs and PCDFs. Levels
~*W>-500000 times those of PCDDs and PCDFs
k ̂ ^i observed in environmental samples analyzed

CB isomers other than the
observed in the analyses for

> Furthermore, the results suggest that
^, - susceptible to interference from 10 000-
*i ̂ T <*ker fiv* families of compounds. About

recovered by the procedure and are
a environmental samples but do not
determinations. Rarely, interference

Procedure due to partial overlap of a Cl^
marker compound, [UL-uC]-2,3,7,8-T-
The effective elimination of numerous

compounds, such as DDE, known to be
samples which were analyzed by

been demonstrated by full-scan MS

''covers isomers of polychlorinated
Dumber of isomers of polychlorinated

in this laboratory in a sample

of soot produced during an electrical accident involving the
pyrolysis of PCBs in a state office building in Binghamton,
NY, in 1982 (26, 69).

The only other group of polychlorinated aromatic com-
pounds apparently observed in a small percentage of samples
were the nonachloromethoxydiphenyl ethers. These com-
pounds, of which there are three possible isomers, were ten-
tatively identified in three fish samples, from Saginaw Bay
(35, 68), the Housatonic River, and Chesapeake Bay. The
presence of these cocontaminants in the analyte contrasts with
studies of interferences which indicate that chlorinated
methozydiphenyl ethers would readily be separated from
PCDDs, PCDFs, and non-ortho PCBs.

The presence of polychlorinated diphenyl ethers (PCDPEs)
in the analyte can be especially problematic because these
compounds often undergo fragmentation during electron im-
pact MS by loss of two chlorines to produce mass spectra
which are identical with those of PCDFs below the molecular
ion of the diphenyl ether. Furthermore, the elution window
of PCDPE congeners have been observed in this laboratory
to overlap that of PCDF congeners possessing two less chlorine
substituents, greatly increasing the possibility for false-positive
determinations from GC/MS-MIM analyses. Monitoring of
masses of the molecular ions,of the PCDPEs, if practical, can
essentially eliminate this possibility.

The susceptibility to interferences of these types of analyses
is demonstrated by the results of an Intel-laboratory study
conducted by the USFDA (56) of the effectiveness of six
different enrichment procedures (for 2,3,7,3-TCDD) performed
by six independent laboratories (see Table IV). The enriched
samples were all returned to the USFDA laboratory for rig-
orous analysis. Of the seven sets of analytical results only two.
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oC Quantitation Using Internal Standards in GC/MS and GC/EC Analyses Before and After the

f
<
t
!
1 ~*

5***
\

^ 3
•*?

afff*

aSt*
9*1

•So
^•F£00
CD
«a^.
*52T3f
•cwirsr
f-OTD
*ioCDD
„ a

"SubfCl,

-MCf.D-PCDD.

•kij4* generated
IVMMM^MMul W.. »U

before
enrichment procedure

mean
response %

by GC/MS* by

1.39
0.54
1.40
0.05
1.05
0.92
1.36
5.63

1.60
1.29
1.18
0.80
0.97
0.42
0.31
0.44
0.18
0.88
0.97
1.00
0.66

»[lsC]-2,3.7,8-TCDD

std dev %
GC/MS4 by

6
17
7

7
15
19
10

9
9
5
8

11
12
26
27
5

10
6

18
11.9
9.3

used as reference

by this laboratory, were judged to

std dev
GC/EC'

8
5
2
2

4
10
2

4
5
5
7
4
8
7
7

5.1
4.9

after
enrichment procedure

% std dev
by GC/MS4

12
8

14

5
19
9

15

16
17
17
15
20
26
36
30
5

13
14

18
16.3
14.1

compound. « 2,3,7,8-TCDF used

pounds.

% rel
recovery

by GC/MS*

97
96
97

160
85

140
80

109

113
133
143
153
135
195
177
164
117
103
78

100
115

% rel
recovery

by GC/EC'

109
113
128
129

127
107
126

150
137
150
141
157
159
114
114

aa reference compound.

This mixture was subsequently subjected to the

'Mill

•II. 11

-,--.--+.

tor interfering substances. In fact, the presence
mounts of superfluous substances in a number

i prevented the determination of TCDD in 5
i and apparently produced positive inter-

iJlortifled samples, as indicated by quantitative
fcfc were significantly greater than the levels of

Procedures. Quantitations of 2,3,7,8-
DF, and OCDD are made directly by com-

•«t integrated responses of the native compounds
f the isotopically enriched marker compounds.
• made by analysis of known amounts of the

^"fer compound and an authentic quantitative
<&e native material under those GC/MS condi-

•3J3 of samples.
2 years of use of this procedure, quanti-

«*r PCDDs, PCDFs, and non-ortho PCBs were
ixternal standard technique using mixtures of

12 compounds. Toward the latter half of 1982,
of these compounds were performed using

'jor isotopic marker compounds as internal
•andards for all congeners. Usually ["Cll-OCDD

arquantitation of OCDD and OCDF, and [13C]-
«nd [37Cl]-2,3,7,8-TCDF were used for quan-
otkw PCDDs, PCDFs, and non-ortho PCBs.

response factors for the various congener
by GC/MS analyses of mixtures of

compounds and a series of 20 synthesized
'«, and non-ortho PCB isomers.

.*•> made to determine the suitability, in terms
** precision, of quantitations of all congener

5* «• internal standards (isotopic marker com-
££5*riment involved GC/MS-MIM and GC/EC

each) of a mixture of 17 native PCDDs
5 isotopically enriched marker com-

k"*a»

»*5

GC/MS-MIM and by GC/EC. The mean and standard de-
viations of the integrated responses of all compounds relative
to that of [l3C]-2,3,7,8-TCDD were determined by GC/MS,
and 2&7.8-TCDF was used as the internal standard in GC/EC
analyses (Table V). The level of variation as measured by
standard deviation for GC/MS quantitations using the in-
ternal standard was twice that determined for the GC/EC
analyses. The data indicate that GC/MS quantitations using
TCDD or TCDF as an internal standard were significantly
more precise for tetrachloro through heptachloro congeners
than for OCDD and OCDF. In contrast, no such dispropor-
tionate trends in precision were observed in the GC/EC
analyses. The large variations associated with OCDD iind
OCDF are believed to be in part a consequence of GC/MS
instrumental problems which were being experienced at the
time and not necessarily characteristic of these types of
analyses. Analyses of the mixture following application of the
enrichment procedure show that the mean standard deviation
is increased but comparable to instrumental variation..
Nevertheless, the results indicate an acceptable level of pre-
cision for GC/MS quantitations of Cl< through C17 congeners
using a TCDD or TCDF as an internal standard in samples
subjected to the enrichment procedure.

Determinations of PCDDs, PCDFs, and non-ortho PCBs
were routinely carried out in the electron impact GC/MS
mode. The GC/MS-EI technique, in contrast to negative ion
chemical ionization analysis, exhibits comparable sensitivity
for the broad range of congeners and permits identification
and quantitation of all components in a single analysis.
Negative ion chemical ionization GC/MS (GC/MS-NICI) has
been observed in this laboratory and elsewhere (70) to exhibit
a markedly enhanced sensitivity to PCDFs relative to PCDDs
and, generally, to the higher relative to the lower chlorinated
congeners of both groups. The ability to determine tetra-
chlorodioxins and tetrachlorobiphenyls in particular suffers
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Extraction.
^*

nd consequently this technique U un-
.nlete determination of PCDDs, PCDFs, and

I-* ^1. 4. part-per-trillion levels. On the other hand,
>* '- such less sensitive to background (especially
^ '" hydrocarbons) or cocontaminant substances

' more easily interpretable data.
The implicit assumption in

the internal standards incorporated at the
procedure is that the behavior of an iso-
compound will be identical with that of the
present in sample. This assumption is

ijped for all enrichment processes except that
***"— 330 of residues from the sample matrix. The

njjrftftractability of bioincorporated contami-
"T ̂ lical samples or sorbed residues from soils
" ^products is particularly important in studies
.-ai «i PCDFs. Studies of the biochemistry of

ed compounds in mammalian systems
that these compounds exhibit high

inrfs* affinities for a hepatic cytosol protein; con-
^iCKtion of some PCDDs, PCDFs, and non-ortho

samples may involve more than the
,rrftte« residues from solution in fatty deposits.
>*«Wtt been reported of the efficiency of extract of
Doffed PCDDs, PCDFs, or non-ortho PCBs. On the

ft aaparisons of the results of interlaboratory
I*, "tft IV) involving a wide variety of extraction
•MI wi for identical samples of fish containing
H«nod 2&7.8-TCDD have provided a reasonable
«*i Jtocactability of this substance from fish tissue.
««lMf tbese studies suggest that the neutral column
•"••ployed in this procedure is essentially equivalent
Mar* extractions involving complete digestion of the
i** JBontnted aqueous base or acid. Such digestions
-*srf !a denature and hydrolyze all proteins and to
H* &nt* all intact TCDD residues. Referring to

no. 1 in the USFDA study employed
** «4 concentrated HC1; in the H&WC/USFDA

employed digestion with KOH, and
*»m7anployed digestion with HCL Assuming that
*t-0a as strongly bound in these samples of fish

^ other PCDD, PCDF, or non-ortho PCB, the
procedure is expected to effectively recover
of these compounds. The effectiveness of

^aetion could be species dependent and cannot
otner animal systems without similar studies
Our rationale for addition of the internal

**4i maples at the beginning of the extraction
^r*™n before homogenization and mixing of the
**? su^fate was that equilibration of the native

standards could not be easily at-
onseQuently« losses in the homo-

st«P are not included in the internal
tion procedure.

interaction of PCDDs, PCDFs, and
4 ;M "** w00naceous materials has been studied
^ Uand studies of fly ash containing these com-

•ated that exhaustive extraction pro-
Consequently, a study was un-

^- —utory to determine the relative effi-
H .̂̂ ~0<k of extraction of these compounds from

"~ samples (73). The neutral column
was compared with a procedure (72)

ited to be effective for the recovery
I^W Mh. Although the results of the com-
**rf highly variable and no unambiguous

^̂ **e efficiencies of the two procedures could
338* of the procedures was uniformly superior

~- A

*

.

,

-

'
Spplr

jijy I

— Q,f

29potr

12

2

1 i-
1'V111

Cl.f

53

23

27 ,

25

-J

49

II. .« !*• *• :; .4 ». .• not

!• H D

i D

CI.F
!7ppl

CI,F
(3pptr)

\

CI,F (29pplr)

C1,F (ISpplr)

/

CI.F

(Zppir)

,f (40Dptr|

(4ppir)
OCOF
(4pplf)

.>• • n.j« ».« r.s:

Figure 5. Representative analyses of environmental samples: (A)
GC/NICI-MS-MID PCS contaminated soil from Fountain City, WI; (B)
GC/NICI-MS-MID fish sample (carp) from Saginaw Bay at Say City,
MI; (C) GC/EI-MS-MIO fish sample (carp) from the Niagara River at
Ft Niagara. NY.

to the other and appear to be roughly comparable in effec-
tiveness. More definitive results are required from such
studies before the efficacy of the column extraction procedure
in analyses of soil and sediment samples can be established.

Applications to the Analyses of Environmental Sam-
ples. The procedure has been applied to the determination
of PCDDs, PCDFs, and non-ortho PCBs in a wide range of
sample types, primarily fresh-water fishes. The sample types
which have been analyzed include about 12 species of fresh
water fish (55,68) and three species of salt water fish (both
whole body and fillet): snapping turtle fat V54V.i>M* body



mill

• it

iMI I I

Mill

II< II

»•
r*

ately five species of fresh water mussels,
^2e and eggs of three species of birds, Baltic
r rfUJtic macroinvertebrates, commercial fish

^" isd terrestrial soils (73), soot from an office
V!ng PCBs and polychlorinate benzenes (26),

** jor 1260, and failed transformer fluid from
1 ihi The large majority of these samples were

on the five Great Lakes and selected tribu-
'̂ Tjjjssissippii Hudson, and Sacramento Rivers,

' rivers and estauries, and the Housatpnic
ietts and Connecticut known to be con-

*7*ide range of persistent synthetic chemicals
J—nochlorine pesticides, and industrial wastes,

of samples analyzed was approximately
over 50 control and procedural blank

of the 250 analyses were judged to
_ to the following criteria: (1) All marker

detected in the analyte. (2) An acceptable
(usually less than 5 pptr) was achieved. (3)

gd GC/MS properties of analyte components
i, PCDFs, and non-ortho PCBs did not
interferences. (4) The criteria for the

,tf PCDDs, PCDFs, and non-ortho PCBs were

in multiple ion mass chromatograms of soil
are presented in Figure 5. These GC/MS

of PCDDs, PCDFs, and non-ortho PCBs in
types of samples serve to exemplify the

/±tprocedure for such analyses. The GC/MS
oncluttered by extraneous components, and

rfthe data was routinely straightforward.
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of Negative Ion Chemical lonization Mass
geometry for Benzo[a]pyrene
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Ion chemical lonization mass
(GC/NICIMS) was used as a selective and

(or the detection of benzofa ]py rene (Ba-
(e»sptMzed conditions, the molecular anlon, M'-, of

r,« MT* than 3 orders of magnitude more abundant
>«ritilsomer benzo[«]pyrene (BeP) using methane

M>«eMt gas. Quantities of BaP as low as 1 pg can
ottcted In the selected Ion monitoring mode and

n. concentration was linear over a range of 3
The absolute sensitivity and the selec-

found to depend on the pressure and
to the Ion source of the mass spectrometer,

^•feinted for the quantitative determination of BaP,
•tti)-etf]pYrene, and benzo[yn/]perylene In a sample

crude oil as part of the process of certifying the
Reference Material.

ico chemical ionization (NICI) mass spectra can
^**rf from certain organic compounds by resonance

"*K'£ermal electrons if the molecules have positive
*^=ai«s, and if the internal energy of the molecular
»••• than the electron affinity of the neutral species.

^/jr*?01 sPecies formed is the molecular anion, M~S
^J^* y'rfds relatively large ion currents and little

The selectivity of NICI over electron impact
established and this feature has permitted

itions over the past few years in the
i*»*<?pound3 such as polychlorinated biphenyls (1),

«-fl. «-,,-_• j.5 (ii 4( 5)( ^j nitrated polycyclic
(6). Dda and Dashima (T> recently

e negative ion chemical ionization mass
aromatic hydrocarbons (PAH). Oehme

in air particulata matter using NICI. He
of methane and nitrous oxide as the reagent
ionization by electron capture and ion/mol-
and was able to differentiate isomeric PAH

m abundances of various species formed,
and Cooks (9) used negative ion chemical

1 inversion mass spectrometry as a highly
for determining polycyclic aromatic hydro-

it refined coaL
ass spectrometry as a sensitive and
the quantitative determination of

Trace Substances Research
MO 65201.

benzo[a]pyrene (BaP) in a sample of petroleum crude oil
which is being certified as a Standard Reference Material
(SRM). During the course of preliminary studies we have
confirmed the large degree of selectivity for the detection of
BaP over benzo(e]pyrene (BeP) noted by others (7, 8). We
have observed the molecular anion of BaP to be more than
1000 times more abundant than that of BeP under selected
source conditions in the NICI mode using methane as the
reagent gas. Our observations, reported here, show that the
ion source pressure and temperature play an important role
in the selectivity of detection for BaP. We have also observed
excellent absolute sensitivity for the detection of BaP and are
able to detect quantities as low as 1 pg in the selected ion
monitoring mode.

EXPERIMENTAL SECTION
Negative ion chemical ionization mass spectra were recorded

on a Hewlett-Packard S985B quadrupole GC/MS system (Hew-
lett-Packard Co., Palo Alto, CA) with a dual EI/CI ion source
and electronics capable of detecting negative ions. Chromato-
graphic separations were carried out on a 30 m x 0.25 mm i.d.
fused silica capillary column coated with a 0.25-Mm film of a
nonpolar liquid phase. Samples were injected in either the split
or splitless modes with an injection port temperature of 300 °C
and the column temperature was programmed from 200 to 300
°C at a rate of 4 °C/min. The column was interfaced directly
to the ion source by inserting it through a 30 cm length of 0.16
cm o.d stainless steel tubing. The stainless steel tubing also served
as a conduit for introduction of the methane reagent gas
(Matheson Ultra High Purity 99.97%) which was brought in
coaxially with the capillary column. The pressure in the ion source
was adjusted by varying the methane How into the source via a
flow controller. An ionization gauge, which was mounted ap-
proximately 15 cm from the source, was used to monitor th« ion
source manifold pressure. The pressure in the ion source itself
was measured with a thermocouple gauge. Spectra were recored
under conditions optimized empirically for the detection of BaP.
The ion source was normally operated at 200 °C with a filament
emission current of 300 >*A and a primary electron beam energy
of 60 eV. The mass spectrometer was calibrated in the NICI node
using ions at m/z 414,452, and 633 from perfluorotributylamine
and ions at m/z 233 and 235 from rhenium oxide generated by
the filament The Re03~ isotopes provide a good source of ions
at low man for tuning the mass spectrometer in the negative ion
mode.

The PAH were obtained commercially: BaP (Community
Bureau of Reference, BCR, Brussels, Belgium); BaP-d12 98.6 atom
% D (MSD Isotopes, St. Louis, MO); and BeP (Pfaltz and Bauer,
Inc., Stamford, CT). The standards were analytical grade or higher
and were used without further purification. Methylene chloride
solutions of the PAH were prepared gravimetrically. The Wil-
mington crude oil sample was obtained from the Department of
Energy and is one of the oils being stored in the EPA Repository


